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PART L 

THE WILT DISEASE OF INDIGO IN BIHAE. 

BY 

ALBERT HOWilRD, C.I.E., M.A., 

Imferial Economic Botanist ; 

AND 

GABRIELLE L, C. HOWARD, M.A., 

Second Imperial Economic Botanist. 

the assistance of Chmvdhary Ram Dhan Singh and Maulvi AMur Rahman 
Khan, Assistants to the Imperial Economic Botanist.) 


[Receivod for publication on 23rd November, 1919.] 


When the Indigo Research Station at Sirsiah was closed on March 31st, 
1913, investigations on the agricultural and botanical aspects of this industry 
'were transferred to the Botanical Section of the Agricultural Research Institute 
at Pusa. About this time, the cultivation of Java indigo in Bihar had 
reached its lowest point, having fallen from 70,000 to about 16,000 highas 
between 1910 and 1914, largely on account of the wilt disease and the difficulty 
of obtaining seed. These and other aspects of the industry have been under 
investigation during the last six years. An account of the earlier results 
appeared in Bulletins 51, 54 and 67 of the Agricultural Research Institute, 
Pusa. The present paper deals with the causes of indigo wilt and with its 
prevention. 

Java indigo {Indigofera arrecta Hochst.) is a perennial tropical crop which 
was first introduced into Bihar from Java in 1898. The climate of Bihar is 
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tropica], as far as temperature is concerned, from Marcli to ,]S'ov<'ir)l)cr, but 
Dcceuil)er, January, and February are too cold for the g!’o\vtl) ol this crop. 
When first introduced, Java indigo did exceedingly well, yi{d(ling luiiivy crops 
of leaf, rich in mdimn, as well as abundant seed. Aftci- some, years, lio\v('V(o-, 
the plant began to show increasing signs of want of vigour and (inally began 
to die of wilt during the second half of the rainy season. At tin', same time, 
the yield of seed diminished. The degeneration was progressive and by 11)1.1, 
when we took up this investigation, many planters had already ahamloned 
the cultivation while others had considerably restricted the area under tins 
species. 

Wilt usually makes its appearance after the first cut during July and 
August, the severity of the attack depending on the season. Aifected plants 
stand out clearly from normally grown individuals ami are easily recognize^l 
in the field. At first, there is a slowing down of growth while the foliages 
alters in ap])carance, the leaves hecome folded longitudinally and assunu' 
a yellowish-green, slaty colour. Leaf-fall is then ra})id until only a tuft 
of stunted foliage is left at the tijxs of the branches. AfferwiU'ds, the 
plants die o.tf in stages, the process taking place slowly, a branch at Ji 
time. 

A good deal of attention has been devotetl by previous investigators to 
the cause of indigo wilt. Neither insects, fungi nor bacteria have been shown 
to be responsi])le for the trouble. Oiir investigations indicaio that wilt 
results from the destruction of tlie fine roots a,nd nodules under circumstances 
when regeneration is dillicnlt or iiiijiossihle. In the following ]>ages, the 
evidence is recorded on which this conclusion is based. Lefore dealing witli 
the actual observations and experiments, a brief reference to the chief fa,ci.ors 
underlying the cultivation of J.ava indigo in Bihar is necessary to bring out 
the significance of much of the following. 

L The Factors. 

Soil. The soil of the Bihar indigo districts is a silt (often containing hu'ge 
quantities of finely divided calcium carbonate) belonging to the older allu- 
vium of the G-angetic plain. Its main characteristics, from the point of vi(‘.w 
of the indigo plant, are its depth, the uniformity of its fine particles, its water 
holding capacity during the hot months of April, May, and June, thi com- 
parative nearness to the surface of the suh-soil water and tJie low content of 
oxygen in the deeper layers, as shown by tlm analyses of well-waters, ’'riie 
gub-soils oftep sjiow Tpst eolpured piarkingvS associp,ted with green and, blue 
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tints wliicli, according to Hilgard,! indicate a lack of aeration in consequence 
of imperfect drainage. The indigo soils easily run together on the surface 
after moderate rain forming a well-defined crust, Imown to the cultivator as 
the 'papri. After long continued heavy rain, this crust may hecorne several 
inches thick, the porosity of which is not recovered until the land dries and 
is cultivated. An excessive rainfall besides producing these impermeable 
crusts, also leads to the waterlogging of the pore spaces of the upper soil 
(probably due to deflocculation of the clay particles) for comparatively long 
periods.^ 

RaiiifaM. The average annual rainfall is in the neighbourhood of 50 
inches, most of which fails during the period May to September (Table 1). 

1 Hilgard, “ Soils,” 1906, p. 45. , 

“ Agr. Jour, of India, Special Indian Science Congress Number, 1919, p. 381. 
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.lul\ aiul .Augiisi Jin’! tlio W(3ttest montlis. From November to April very 
lifllc I'.'iin is Tlie humidity is generally liigh and is lowest in March 

and April wlu'ii it falls to ahoiit 60. 

TrHipcrtilnrc. 'l'l)er<3 is a well-marked cold season, December to Feb- 
ruary, wluMi Ihe minimum temperature remains in the neighbourhood of 50‘'F, 
in du'. hot weather months, March, April and May, the dry west winds are 
iinporlant agents in improving the aeration of the soil. The monsoon period 
June to l^epteniber is hot and damp. After the middle of October, the tem- 
peratiu'c gradually?’ falls till cold weather conditions set in at the end of 
Noven’iber. 

Holl aarttlion. Periodical determinations of the amount of carbon dioxide 
in the soil atmosplunn have been carried out in the Botanical area at Pusa by 
Mr. Jal indin Nath Mukherjee rrnder the direction of Dr. Harrison, Imperial 
Agricult’urid (iumiist, on. cultivated and grass land for a period of eleven 
nioidhs. The insults are given in Table II and in Plate I. A note by Mr. 
]\lukh('rj(‘<M)n th(> uuthods adopted is apperrded to this paper. 


Table II. 

Perceniage of CO 2 , in the mil gas from three different 'plots in the Botanical Areaf 
Pusa, in 1919. 


J)ato iUirl luoal.li wlieiitho 
soil giis wa,s aspirated 
‘:(ud analysed 

[Plot No. 1 
Gnossed down 

Plot No. 2 
Grassed down 
;^but partially 
aerated by 
tienabc.s 

Plot No. 3 
Surface 
evdtivated 

Rainfall in 
inches since 
1st January, 
1919 

]:Uh. I4th and 17lh .lami-' 

0-444 

0-312 

0-209 

Nil 

2uf ifand 2iKt. t'(>bniary 

0-472 

0-:520 

0-253 

1-30" 

2ist. and 22ad 'Mai'uh 

0-427 

0-223 

0-197 

1-33" 

2;}rd and 2n Ii A])ril 

0-4.54 

0-202 

0-203 

2-69" 

] (Jill and 17th May ' 

0-271 

0-257 

0-133 

3-20" 

]7th and IStli diiiKi 

0-341 

0-274 

0-24:9 

4-53" 

17(h and ISth duly 

1-540 

1-090 

0-304 

14-61" 

2.71 h and 2(i(h August 

1-590 

0-830 

0-401 

23-29" 

1 ‘Jth and 201 li .Se])1 einher . . 

1-908 

0-931 

0-4.50 

30-67" 

2 1st aiul 22ud October 

1-297 

0-002 

0-305 

32-90" 

1 ifh and loth JMuvenibc'f . . 

0-85:5 

0-450 

0-201 

32-90" 


Them ligures and the curves (Plate I), give a general idea of the soil 
a:(tuos])h<Me as regards ventilation in a ynar exceedingly favourable to the 
indigo crop. A('ration is at its best during the period of the west wirrds— - 
Ma,rch to May. After the monsoon has set in, the proportion of carbon dioxide 
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rises and remains at a fairly high level till Octohce- wlieii il, rapidiy faiisJ 
Of peiliaps greater significance in tliis resjiec.t a.r('. ifie iiioveiueids of I he. 
ground water. In the indigo areas of Bihar, tii(‘. flow of tluwivers is(»f((‘ti 
checked during the monsoon by the rise of the ie,v<>l of I1 h> (fangt*;-;. As a, 
result, the rivers overflow and the lovdying a.rea,s go under waf<'r. The ri;;e 
in the level of the rivers is followed by a rise in the wa,i.(W-h>vol of ih(‘ wdls. 
These movements of the river level and of the gonomJ ground wafer are illiiS' 
trated in the curves opposite (Plate 11) which represi'ut the slab' of alfairs 
of the river at Pusa and of one of the wells (about a c|uarier of a, mile distant 
from the river bank) for the years, 1910, 1912, 191d and 19M. Tin's upward 
movement of the ground water, which must juish in front of it fht' soil air 
from the deeper layers, occurs at a period when the general drainage, of ihe 
country is checked and when the permeability of i\w. surface soil is pooi- due 
to consolidation by heavy rain. We should exjiecT, fiuuvldiv, I hal I he a<‘ral iou 

of the soil will be at its lowest point during the second half of ilie rainv 
season. 


Briefly .stated these are the coiLditioiKs raider wliicli a Impicil 

p ant has to grow in Bihar, The range is wide. Tl.e erop is .sown at’ I 

of the rams in late September or early October, wlieti (be snrfa™ .soil i.s ,sm|i- 
cienty warm and moist for rapid geiminatiim. .By tile iiegiraiiiig of il,e eld 
weather m December, the plant is three or four incl„.s high, (irowlb llten 
Mases till March. Alter the rains set in towards tlic end of ilay ,,i,rly in 

June, grwth is exceedingly rapid and the first rat is laken at I lie’ rad of j,,,,,, 
or early 111 July. The stumps shoot again and the .seciiml cop i.s J, a, ■vest,., I 
m late July or early August, followed, in good yeans, eillier by a final rat, i,. 
feeptember or by a crop of seed during the cold weather. Affer lids (|,e 
umps are dug out and tlie land is prepared for otlier crop,s. The ori’dind 
practice in Bihar was to raise the seed after at least two crop,' „f leaf and at •! 
period in the life-history of the plant when its vigour was at its lowe.sl poinf. ' 

II. The Cause O.F Wilt. 
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noriuiil root; regeiMiration. Several factors have been discovered which prevent 
ilu' repair of the root system. In indigo cultivation, the chief source of 
<l:irn!tg(‘. to the active roots and nodules arises from the complete cirtting back 
of the Tliis results in the destruction of practically all the fine roots 

and no{!ulcs iuid root regeneration is necessary before new. growth can take 
place. If the absorbing root system is destroyed when the soil aeration is 
})oor, wlien the amount of reserve material in the tap root is insufficient for 
ncnv roots to be formed, or when the soil temperature is too low for growth, 
roch. regeneration becomes exceedingly difficult and wdlt follows. Thus although 
the cause of wilt is the same in all cases, the agents which produce it maybe 
dilTerent, In considering the incidence of wilt in Bihar, it is necessary, there- 
for('., to understand fully in every case the factors which are concerned in root 
rogeneration. If this is done, all the known cases of wilt fall together and 
are capable of a simple explanation. 

As the nodules and active root system appeared to be of particular impor- 
i ance in this question, a great deal of attention has been paid thereto. The 
condiUon of the roots and nodules, however, cannot be determined with pre- 
cision by o})scrvation of the above ground portion of the crop. It was neces- 
sary to liiul some easy method of rapidly exposing without damage the com- 
plete root sy,st<nii including the finer branches and the nodules. This was 
accomplished by the use of an ordinary knapsack sprayer. The results 
obtained by following the root development throughout the year have proved 
of the very greatest value in the elucidation of this interesting problem. 

Root development in Java indigo. 

Ilie development of the root system of the ordinary indigo crop, sown in 
late tMej)tembci‘ or early October, has been examined for several seasons by 
means of periodical root washings. At first, the tap root extends rapidly 
in length and by the begiiming of the cold weather practically no large laterals 
a.rc developed. The root system at this stage consists of a long tap root with 
comparatively fine laterals and a certain amount of nodular development. 
During the cold weather, the extent of the active absorbing system is small 
and little or no groAvth of roots takes place. With the renewal of activity at 
tiic beginning of the hot weather in March, new absorbing roots are copiously 
(U^V{'lo))ed and the laterals increase in thickness. Nodular development begins 

* A large number of root washings have been made, at all stages of growth, after indigo 
]>lauts have been cut back to varying extents. Complete cutting back always kills the fine 
roots and most of the nodules. Heavy pruning results' in extensive root and nodular . 
destruction but not to the same extent as when the plants are oompietely cut back.’ 
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ill April, l)ut does not become intense till tlie soil is cooled and inoisfciuMl by 
lln>, early monsoon rains in JVlay when the numbers fornit;d ai-e ver\' laiyn. 
As woiikl be expected, thesis bodies are much more abundant in ilie limt lour 
inches oi‘ soil than in the deeper layers. No further chaiifres oe<-ur fill ih.' 
first cut is taken. Cutting back is followed by the destriiction of praclicallv 
all the line roots and of most of the nodules. Before new growth can lake 
place, root regeiu'ration is necessary. The extent and speed ot this regciuT 
ation is found to dejiend on the aeration of the soil. .If the rainlall is low and 
if the levels of the rivers and wells do not rise to any great extent, as in Ifilfi, 
the fine roots and nodnles are rapidly renewed. Thus in the case oi the root 
systems of three plants exposed on June 14th, .1919, 191 uodnh'S wt'n* tonnd 
on the upper laterals. These were removed and the soil tpiickly re])laced. 
A month later, the roots of th(',se plants were again exjiosi'd and numerous 
new fine roots and no less than 942 Iresh nodules were iouud. Mu‘ react iou 
of the roots to alteratious in the soil atmosphere, during tla‘ ruins is vtaw 
striking. A,fter the middle of .hily and at the l,)eginniiig ol September oj tlu^ 
present year, 1919, when heavy rains, combined witli tlu' rise ol the ground 
water, adversely alTected the aeration of the soil, an inumsliate root, resjauisi', 
to the changed soil conditions took place. The line, roots in tin* deepi'r layers 
of soil were quickly killed, new roots were only formed luair the. surlac(‘ ol the 
ground while the finer branches of the upper laterals were, lound to ('xhibit 
marked aerotropism and to bend upwa,rds towa/rds tiic air. 'I’his continued 
on both occasions till a break .in the rains and a fail of the ground water resfor<‘d 
soil aeration when normal root (levelo])ment again ensued. Diiring llu; lute 
rains, the formation of fuie roots and nodules is almost, always n>s1rieted t«> 
the upper four inches of soil. At this time, the lower .regions ot the (up rtutt 
and the lower laterals are practically devoid of nodules and small I'oots ami 
the current of crude sap is maintaiued entirely by tlie line roots near t he sui faia; 
of the ground. This is effective while monsoon conditions prevail but wlam 
the rains cease and the upper layers of the soil dry, the plauls I'ither la'come, 
wilted or else shed their leaves and ])ass into a resting condition dui'ing the 
cold weather.^ Eoot and shoot growth are resumed when th(‘ soil tempera- 
ture rises in March. 

In the case of Java indigo sown .for seed in August, the feature of the, 
root system is the development of abundant nodules on tlui u]i])er roots during 
late September and October. These, liowevcr, b('.eome absorbed during 

* Mulcliing the soil to j)roveut the loss of moisture aota as a preveutativo of wilt tiariug 
Ootohor, JTovouiber and December. 
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November and December after flowering sets in. During the cold weather, the 
roots of seed plants show few active rootlets and extensive regeneration does 
not take place till the temperature of the soil rises in March, 

In both the ordinary and the seed crop, therefore, the features of the root 
system may be summed up as follows 

(1) The periods of intense nodular development are at the break of and 
during the early rains and, in the case of the seed crop, in September and 
October. 

(2) Temperature, soil aeration and moisture are the chief factors in the 
formation of absorbing roots and nodules. 

(3) Although the nodules and fine roots are easily destroyed, the main 
tap-root and the larger laterals possess remarkable vitality and are capable 
of remaining dormant in the soil without damage from December to March, 
after which they often produce a new set of absorbing roots and nodules. 

Observations and experiments on the cause of wilt. 

The evidence on which we have based our conclusions as to the cause of 
wilt has been obtained by several methods. The root systems of numerous 
healthy and wilted plants have been compared in detail, the occurrence of 
wilt in Bihar has been studied under various conditions extending over many 
years, actual cases of wilt have been produced artificially in no less than five 
difierent ways while many examples of recovery have been closely examined. 
The conclusions arrived at, as a result of these experiments and observations, 
have been confirmed by a study of the behaviour of other crops during the 
rains at Puaa and also by the growth of indigo, on soils differing widely as 
regards aeration, in other parts of India. 

Thi root systems of tvilted and healthy plants. The roots of a very 
large number of wilted plants have been exposed by the spraying machine 
and compared with those of healthy plants. The results have always been the 
same. Where the wilted condition is well marked, healthy nodules are never 
found while the number of active roots is exceedingly small. Dead and dis- 
coloured fine roots and nodules are, however, abundant. In the case of the 
roots of healthy plants examined at the same time for comparison, there have 
always been abundant fine roots and root nodules in an actively growing 
condition. Indigo wilt is, therefore, associated with the recent destruction of 
the absorbing root system. 

In the rains, wilt occurs on deep -rooting ty])es to a nmch gi'eater 
extent than on those with a shallow root system. Java indigo, as grown 
in Bihar, is an exceedingly mixed crop and consists of a large number of 
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types -vvliicli, however, fall into two main classes as regards hraix'hing atul root 
developinent : — 

(1) Busliy types which hraneli to very varyijig degrees from tlx' base, i hc 
Imuicliies coming oif nearly at riglit a.ngl(^s to ih(^ lunin axis, d’heiv is a, 
general corresyxmdence between the nietliod of braiiehing of ihe. slem and 
of the root. The root system is the. mirror image of the shoof. In lhos(' 
Irash types which branch at right angles to the axis, tlu', laivrai roois are. 
also given off at right angles to the main ta])-]’oot, 

(2) Tall vertical types whose branches arise at an aeiitt^ angle from f ix', 
stem. In the vertical types, the lateral roots arise a.t an angle*, very siTnihu.- 
to that in the case of the branches. 

These general diherences are shown in Figs, .1 am! 2 and in hlaie; 111. 
Kimning through both these classes of branching are great divergt'txh's in the 
time of fiow^ering and in the rate of growth. Some are ('arly, others art^ e.x- 
ceedingly late. Some grow slowly, others mueh nx)re. rapidly. All gra.d(ss of 
intermediates naturally occur. Five main typ(vs of roof-d('velopment Imvc, 
up to the present been fonnd : — 

(ft) Early bush ty]>cs in which nearly all the. laterals arise at. I’igiit anghxs 
and are concentrated near the surface. Our sel(*(^l('d indigo, known as 'l'yj)e 
15, belongvS to this group. The root .system is shown in h'ig, 1 . 



Fia. 1, The root-range of an early 
bush typo of Java indigo. 
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(b) Early tyjDes with a vertical habit in w^hich nearly all the laterals are 
concentrated near the siu'face but all point downwards. Tlie selection known 
as Type 11, the roots of which are shown in Fig. 2, belongs to this type. 



Fig. 2. The root-range of a plant of Java indigo 
of vertical habit. 


(c) Late bushy forms in which there is a development of lateral roots 
from the surface to a great distance down the main root. 

(d) Late types of vertical habit with lateral roots pointing downwards 
arising at regular intervals down the long main root. 

(e) Types with hardly any side branches but a deep tap-root. These types 
scarcely branch at all either above or below gromid. 
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It will be obvious that if poor soil aeration is a l‘a(.‘l(»r of imjxtriann' m I Ik- 
production of wilt, the types wliicb will be aflected most iir<‘ <!('(‘[)"roo( iyiH-s 
like (b), (o), (d) and (e) while (a) will be least alTecled. in l‘.H7, a cdin psi'icnn 
was made between the growth and wilt resistance ol dVpi' II, an »':uly lypc 
with a vertical habit whose laterals point downwards (Kig. 2) and I’ypt' in. an 
early bush type with laterals near the surface (Fig. 1). The lonner proved 
to be much more wilt liable than the latter. In 11)18, tliis point received 
further confirmation. It was found that after the (li'st cut, ail tiH> plants 
which did not shoot and which were attacked by wilt, could not he nprooUnl 
by hand as the laterals rail deep into the soil. Oji the other hand, the plants 
which formed healthy new growth could be pulled up with eoinparat iv(‘ <‘as(^ 
as the laterals were much nearer the surfaces In Ihlt). ci’cry cas(' of will 
examined in detail during the monsoon was found to he a.ssoeiated witlidee]) 
rooting while the healthy plants examined for comparison wert' all IoiiihI to h»^ 
surface-rooted. f » 

The ocmrrencc. ()f wilt under ntiinwuyn ctyndilioux. The atmmnt. ol wilt 
during the rainy season and the general vigour ol tlni indigo (■]•op under 
estate conditions, have been found to dejiend on two faetoi's tlu' rainlall 
and the rise of the ground water. If the rain fall is iKniA-y , pa rt icu la ily 
during July and August, and if the ground water rises rapidly' and reniains 
at a high level during this period, the second crop is a, I'ailnni and wilt 
is widespread. Although unfavourable years a.!‘e common, they m'c not 
universal. In 1919, the monsoon rainfall was about) 12 inclics below tlm 
average, there were no floods and the rise of the gi'ouml water wjis not/ eon 
siderable. The details relating to the rainfall and to tlu^ ino\'einents of the. rivivr 
and well levels at Pnsa, in 1919, arc given in Plate IV. W'ilt. was negli- 
gible and only made its appearance on two occasions- I>t'1w(‘cn ,)uly 2Ti:d 
and August 7th — and again during the iir.st) thn't' weeks of Septemlu'r. lloth 
these attacks were associated with an increased rainfall an<! a risi' in tin' \\'ell 
levels. They were, however, not severe and liad lilt h' influeiu'e <in tin' yield. 

Three good cuts of indigo were obtained at) Pusa and for many years the 
indigo crop has never been so healthy aft(?r tJu', rains. 

Although wilt is often universal duritig the lati' rains, it is not imcominon 
in Bihar to fluid young self-sown indigo iflnnts in ^('ptemlx'r and October, 
growing vigorously in fields practically d<‘stroy('(l by disf'ase. In 1912, at 
Pusa, this occurred on the large scale in a wiltc'd (ictd in wliicli the Iflank spaces 
in the lines had been filled hy resowing during tlu' first wet'k in August. Tin; 

plants without exception were, not alTetted by wilt but- grt'W 
weU and gave heavy crops of well-ripened 3 ‘,ed. Here, iieaithy ami wilted 


Rise and fallofthe river and well levels 
AT PuSA IN 1819. 
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plants! grew next to next with, interlocking root systems and in no single 
instance did wilt spread to the late sown plants. Since 1912, many similar 
examples liave been noted which prove conclusively that wilt is neither a 
disease in the ordinary sense, nor is it caused by any deficiency in the soil 
Solution. 

Not only may wilted and healthy plants exist side by side, but it is easy to 
in'oduce a wilted branch as well as vigorous growth on the same plant at the 
same time. This phenomenon occurs if a branch is left at the first cut in June 
to maintain the transpiration current. The result of this is that the damage 
to the fine roots and nodules (as showm by root washings) is less than if the 
plant is completely cut back while the new shoots are formed much more 
quickly. It often happens in such cases that after the new growth is well 
establislied near the ground, the old branch left begins to show signs of wilt 
which, however, does not spread to the new shoots. This is probably .due 
to the utilization of the crude sap by the new growth near the ground level 
and the consequent slow starvation of the upper branch. 

Both, dining the early and the late rains, deep cultivation has the effect of 
producing wilt. Two well-marked cases of this have occurred at Piisa recently. 
In 1918, Java indigo, sown in double lines to admit of interculture during 
the monsoon, steadily lost in vigour compared with the broadcast crop side 
by side and also developed more wilt. In the present season, 1919, the experi- 
ment was repeated with four types of indigo and on different classes of land. 
In most cases, the indigo grown in double lines with interciilture yielded less 
green plant and also developed more wilt than the neighbouring broadcast 
plots. The effect of the cultivation was found to destroy the lateral roots near 
the surface and to stimulate root formation in the deeper soil layers. The 
lower roots were destroyed by poor soil aeration and the plants therefore 
developed wilt. 

Wilt is easily produced after the rains during October and November 
by the cultivation of old indigo which has hitherto managed to survive at 
this period, the only active roots are close to the surface and the indigo plants 
are dependent on these. Cultivation or the natural drying of the surface 
soil destroys the surface roots and wilt occurs. It can be prevented by 
mulching such plants with straw or dried grass after the sowing, rains in 
October. T.h.c mulch preserves the moisture and so assists the surface roots 
to maintain the indigo till growth ceases during the cold whether. 

In 1919, a comparison was made between mulched and non- mulched 
plants. The former held their leaves and resisted wilt while the latter w^ere 
affected by the trouble. 
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The artificial p'oducf-ion of will. Wilt can bo artificially i)r(«ii]c<'<l in the 
following ways 

{a) By mutilation of the root system. 

{h) By cutting back young rapidly growing Augusi, sowii i)lanls in 
October, wluni the reserve materials in the tap-root are insullicienf for roolr 
regeneration. 

(c) By October and November cultivation of old indigo (b'jnmdent^ for 
its crude sap on superficial roots. 

(d) By complete cutting back in the cold weather, when llie roof-, reg(‘“ 
neration of surface-rooted types is difficult on account of the low soil tomjx!- 
rature. 

(e) By waterlogging slowly from below during the rains hy (losing tbe 
drainage openings of lysimeters. 

Undoubt(3d wilt has been produced by root mutilation in i.wo cases. The 
first occurred in a ])lant width was ])rune.fl on dune 21 si., 1919. Blie roofs 
were exposed on July 15tb, and found healthy in all r<^s])e(d.s. Before 
replacing the soil, the tap-root was severed at a, de])t]i of ont' foot 

below the surface and mo.st of the fine roots wt're ties! I’oytvl. H'ilt 

developed. The second example occurred in the case of a plant, which wtis 
pruned on June 21st, 1919. The roots were exposed on August Hth a,n<] 
were found to be normal. Before re])hiciiig the soil, all flu‘ fiiu' roofs 
and nodules on. tlie laterals were removed to a tiejdh of one foot; })ut 

the tap-root was left intact. Wilt ra])itlly develoi)ed and whtiii flit', root 

system was again exposed on August 29th, very few active roots werci 
found. 

The complete cutting back, about mid Octolier, of young acthudy growing 
August sown indigo is certain to r(3sult in numerous <’.a.s(^s of wilt.. In 19M, 
three plots of August sown indigo, ea(di a (piarter of an acre in art^a. wc.re. (rut 
hack about the middle of October. Most of the ])lants died but a, ceri.ain 
number produced weak wilted shoots. Boot ^’.generation was found to l)e 
practically impossible due to the lack of reserve materials in the young roolti. 
In aiiotlier plot, plants with larger roots, wlien cut back at a ]at(w period, shot 
normally. These experiments have been repeated several times since with 
similar results. 

Another method of producing wilt is to cut back tall August .sown ]>]ants 
during the cold season, when the temperature of tin*, soil is too low for root 
regeneration to take place easily. In Decem.ber .1018, a number of liims of 
very healthy wc’il-developed August sown plants were cut back wlum. ov{;r 
five feet high. It waB found the following February that the new growth 
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exliibitcid all sta,ges from healthy to wilted foliage. Counts were made on 
February 17th, 1919, with the following results (Table III). 

Table III. 


Effect of cutting hack indigo in the cold weather. 


No. of row 

No. of plants 
cut back 

Badly wilted 

Partly wilted 

Normal 

1 

205 

31 

72 

102 

2 , .. 

176 

50 

47 

79 

3 

136 

46 

36 

54 

4 

124 

35 

30 

59 

Total 

641 

162 

185 

294 


Thus more than half the plants cut back developed wilt.^ A number of 
root washings were made and in all cases wilt was found to be associated with 
the practical absence of root regeneration. These plants were kept under 
observation till April, by which time a remarkable change had taken place. The 
rise in the soil temperature in March and the improvement in the aeration of 
the soil caused the wilted plants to recover ; root regeneration took place and 
the growth became normal. 

Perhaps the most interesting case of the artificial production of wilt took 
place during the rains of last year. At the beginning of the monsoon of 1918, 
Java indigo was grown in two sets of lysimeters. Thef e were air-tight cemented 
tanks 1/1000 of an acre in area, four feet high, built about the ground level 
and provided with drainage openings which could be closed at will. In 
one set, alluvial soil obtained from the Kalianpur farm near Cawmpore 
was used, in the other set, light Pusa soil was employed. Kalianpur soil 
is exceedingly rich in available phosphate (0‘318 per cent) while Pusa 
soil, when analysed by Dyer’s method, gives very low figures for available 

The plants which developed wilt were tho.se which had their laterals near the surface, 
the deeper -rooted jilants produced normal growth. Thus the monsoon results are reversed 
during the cold weather. The explanation is simple. In the cold weather, the factor which 
checlc.s root regeneration i.s low soil temperature, This affects surface-rooted plants much more 
than deep-rooted types, 
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pliospliato (0‘001 per cent). The results obtained may be suinna'd up as 
follows ; — 

{(() in both Pusa and Kalianpiir soil, the indigo in l;Jie ]}'sini(d(>rs wiili 
free drainage escaped wilt. 

(/>) When the drainage openings were closed and wali'rloggin;,!; 

below took place, all the plants were wilted in belli Kaliaiipur 
and in Pusa soil. 

(c) The wilt in Kalianpiir soil (rich in available phosphate) was 

much worse than in Pusa soil (said to be low in available 
phosphate). 

(d) The growdh in Kalianpiir soil was much slower than in Pusa 

soil. 

Reaorerif from %vilL Cases of complete recovi'iy from wilt occur fre- 
quently. Go()d examples occurred during til e rains of HHU. As previously 
mentioned, wilt first made its appearance this year betwcmi rlidy 2:5rd and 
August 7th, and again during the first three Weeks of Si'ptember. Afliu' ilu* 
first attack, which was slight, it was observed that plants fn'quetiily recovtavd 
and after sluiwing \vilted foliage produced normal shoots, 'i'he roots of two 
plants which recovered from wilt were exposed on August “Jlst, and were 
found to have produced numerous new healthy roots. 'I'liis regmicration was 
evidently due to improved soil conditions. In one of two ca,ses t‘xumimMl, 
a branch, which sknved wilted foliage, continued t-o grow in h'ugt h and to 
form liealthy leaves. This does not often occur in (%ascs <»[ n'covery. Asa 
rule, the wilted branches die and new liealtliy shoots arc produci'd. 

A second interesting case of recovery from wilt on (he large scah* occurri'd 
ill March, 1919, in the case of two plots, whicli were badly utfectiMl at tlic (‘ud 
of the previous monsoon. Both plots, however, sh.oW(‘d a r(‘ma,rkable recovery 
in March and April 1919. The diseased plants comimmced to grow and the 
shoots and roots formed were perfectly healthy. Similar n'sulfs were olitaiued 
in a plot of Type 15, whicli had yielded two heavy crojjs of leaf during 
1918. Many of the plants were attacked by wilt during llie ('old wf'utiicr 
of 1918-19, blit there was a remarkable recovery in March and Ajiril 
of 1919. The new growth was abundant and healthy and s<» \'igor(jus 
were some of the individuals that they survived the monsoon of 1919, 
and at the present time, October 1919, promise to give a si'cond s('('d 
crop. 

The most striking cases of recovery from severe altacks of wilt; oca-urrod 
in the lysinieter experiments of 1918. In two cases, in lysinudors which had 
beep waterlogged from below during the rains and in which all the plants were 
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exceedingi}?- badly wilted, complete recovery took place in Marcli 1919, wbeu 
the stunted diseased individuals which had been looked upon as dead, threw 
out vigorous healthy shoots. 

Conclusions. 

These are the facts relating to the occurrence and production of wilt so 
far as they have been ascertained under Bihar conditions. The conclusion 
is irresistible that the trouble results from the destruction of the roots and 
nodules under circumstances when regeneration is impossible. Under estate 
conditions, the indigo crop, with very rare exceptions, does well till the first 
cut. This operation, however, destroys the fine roots and nodules, and before 
new growth can take place root regeneration is necessary. If the soil aeration 
is sufficient at this period, the plant shoots well and, provided these conditions 
continue, as in 1919, an excellent second crop follows. If, however, at the time 
of the first cut, floods cause the ground water to rise and if heavy rain water- 
logs the surface soil for long periods, root regeneration is very difficult and 
the result is wilt and a poor second cut. The wilt which often attacks old 
indigo in November and December is due to the fact that this plant has been 
forced to develop surface roots in the late rains. These suffer from want of 
water as the ground dries after the monsoon and the advent of the cold 
weather prevents the formation of more roots. 

Confirmatory evidence. 

If our view of the cause of wilt is correct and if the aeration of the soil is 
really defective in Bihar during the second half of the rainy season, several 
consequences naturally follow. Firstly, wilt should not be confined to Java 
indigo, but should affect other deep-rooted plants while surface-rooted species, 
on the other hand, should escape. In the second place, as two rainy seasons 
in India are never the same and long breaks occur, soil aeration in Bihar in 
August and September should occasionally improve and lead to the recovery of 
wilted plants and to greatly increased crops of indigo. In the third place, 
indigo wilt should not occur in other localities provided the soil ventilation is 
efficient during the whole of the monsoon phase. Confirmatory evidence has 
been obtained in all these directions. 

Wilt in Bihar during the monsoon is by no means confined to Java indigo. 
It is common on many deep-rooted varieties of fatwa {flibiscus cmmahimis L.) 
and satin {Crotalaria juncea L.) while shallow rooted types of these two species 
are little affected. Further, surface-rooted species like Roselle (Hibiscus 
Hahdarijfa h.) thrive no matter how wet the monsoon may be. The differ- 
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ences between the clistiibution of the i“oots of .Roselle muJ ul. 
of iMlim are shown in Fig. 3, while in Fig. 4 the mots of an 


Fig. 3. The root-.^iystein Qillibisms {^ahdarijla {Mt) tual Jf. mnuahi wiih (rv^hi). 


Fig, 4. Early (left) anti late (right) types of root-systom.H in If. fannubinna, 
of frdwu arc illustrated. The surface-rooted ftostdie cm]) and llu‘ ('ui-jy types 
of fatiua do well at Pusa even wlien the soil is waterloggetl. The dt'ep-rooted 
types of ^latwa in such seasonsj on the otlnu* hun<l, sirller s<;ver(‘iy from vvilf. 
Similar results are obtained in the case of .sww vaxhd ies. Tin* loeal jliliar 
variety with surface, roots sets seed hut the dceji-rootcti tall variety i'loin the 
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black soils (./f tlie Central Provinces suieis from wilt and hardly yields any 
seed. Thus the. deep-rooted, varieties of patwa and sann behave exactly like 
t.lie deep-rooted varieties of Java indigo and are severely attackerl by wilt in 
the hde ]-a.ii.is. Roselle and the shallow rooted types of paliva and .sy///?/ ojj lh(‘, 
other hand escape wilt. 

The genera] experience of 1919 affords considerable support to onr views 
0.11 the cause of wilt in indigo. For several years past, the rainfall has been, 
licavy a.nd floods have been the rule. Indigo has not done well and wilt has 
been common. The year 1919, however, was a year of short rainfall combined 
with the absence of floods. In consequence, the rise of the subsoil water was' 
not considerable. The soil aeration was, therefore, above the average. Blight, 
wilt occurred on two occasions only but the plant I'apidly .recovered. Three 
cuts of indigo were f)btained at Pusa and the old plant is now exceedingly, 
healthy after the rains. Many of the Bihar estates, particularly those which are 
most liable to waterlogging, did remarkably wnll in 1919, and for the- first timet 
for mally years have reaped an excellent second cut. Although the area under , 
indigo in Bihar in 1 919 was 14 per cent less than in 1918, the outturn is expected 
to be greater than in 1918. Such a result would not be possible if the Bihar 
soils are suffering fro.m depletion of one of the essential constituents of the soil 
seJution. 

Indigo wilt is not met with during the rains in India on porous soils where 
the aeration is efficient. This interesting fact has been studied in two cases — ■ 
at Dehra Dim in. the submontane zone, and at Chandkliuri in the Chattisgarh 
Division of the Central Provinces. At Dehra Dun, the inonsoou rainfall is very 
high, often more than 100 inches. At the Harbaiiswala Tea Estate, where Java 
.indigo was grown for some years, thei-e is excellent surface drainage and the soil 
is remarkably porous, so permeable in fact that it is possible to walk over the 
fields a few honrs after five inches of rain have been received. Here Java 
indigo grows with great rapidity, the plants are at least ten feet high and 
no signs of wilt can be detected. At Cliaiidkhuri near Raipur in the Central 
Provinces, the results were similar. Grown on the porous laterite soils (bliata) 
under a maximum rainfall of over 60 mches, Java indigo thrives remarkably 
and no trace of wait is to be seenh Good crops of seed are produced although 
the soil is particularly poor in total and available phosphoric acid. When 
grown on the sti:ff and pooily aerated but richer blade .soils under similar rain- 
fall a.nd siinilar climatic conditions, Java 
(Plate V). 

^ ClouKtoii, I), and Padnianabha Aiyar, A.E., 

Congress Number, 1918, p. 89. 
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HI, The degeneration op Java indigo in Bihar. 

It lias been shown above that wilt during the monsoon phase in Bihai 
is due to the destruction of the fine roots and nodules at a time when regeneration 
is difficult on account of poor soil aeration. This, however, does not explain 
why the crop gradually became susceptible to wilt and why the soil aeration 
factor should destroy the crop in say 1914, and should have had little or no 
effect twelve years earlier. As is well known, the earlier consignments of 
selected seed obtained from the estates of the Dutch planters in Java gave 
excellent results. The plants grew well and gave at least three cuts of leaf, 
followed by high yields of seed. On several estates, the crop behaved as a 
true perennial and gave cuts of leaf during the second monsoon. Slowly the 
size, vigour and seed producing power of the crop fell off and wilt made its 
appearance in the late rains in increasing amounts. By 1914, the area had 
decreased to 15,000 hir/Jim. The progressive degeneration of the indigo crop 
has been found to be due to a gradual change in the gametic constitution of 
the crop which has been in progress since Java indigo was first introduced 
into Bihar. The evidence on which this conclusion is based has been arrived 
at from an investigation of the methods of pollination and fertilization of the 
indigo plant, a botanical examination of Natal indigo from which the Java 
plant was originally developed, a detailed study of the various indigos now 
grown in Java and of the constitution of the crop as cultivated in Bihar, 

Pollination and fertilization. 

All the species of indigo we have examined at Busa, including Natal 
indigo and the various kinds now growing in Java, I’arely set seed under net. 
The floral mechanism is of the ordinary explosive type designed to ensure 
crossing. Fertilization in Bihar is almost entirely brought about by insect 
visitors, the chief agents being two common Indian bees (A'pis Jlomi and 
Halictus guttUTosus). Even in a single generation from self-fertilized seed 
there is a marked falling off in the size and vigour of the offspring so that both 
self-sterility and natural cross-fertilization have to be considered in any 
improvement by selection. 

Natal indigo. 

Java indigo was originally introduced into Java from Natal, where it was 
found growing in the wild state. Java indigo, as grown by the Dutch planters, 
is, however, quite a different plant from the wild indigo of Natal, and is said 
to have arisen by crossing between Natal indigo and one of the species formerly 
cultivated in Java. In 1913, through the good offices of the Hon’ble Mr. hb B. 
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Smith, Secretary for Agriculture to the Government of the Transvaal, the 
seeds of single plants of the wild indigo of Natal were separately collected in 
that country for growth at Pusa. The samples were sown separately in lines 
next to next and the progeny was examined. The rows were remarkably 
uniform in themselves and there were no great differences to be observed 
between the various lines. Natal indigo proved to be erect in habit with little 
branched, green stems and a deep root system. The foliage was somewhat 
sparse. The reddish stems and leaves and the much branched habit of many 
of the types found in Java indigo were entirely absent. As regards suscep- 
tibility to Psylla and wilt, the Natal plant showed far less resistance than the 
Java cultures growing side by side. 

The kinds of indigo now grown in Java. 

In 1916, a collection of the various kinds of indigo now growing in Java 
was obtained through the kind assistance^of Dr. Koch of the Biiitenzorg Bota- 
nical Gardens. These consisted of the following samples — Java-Natal indigo 
from the Koeto Sani Estate, Java indigo from Soerabaya, Natal indigo from 
Soerabaya, Bengal indigo, wild indigo, Presi indigo, Sumatrana indigo and 
Indigqfera suffruticosa. These were grown at Pusa in plots side by side and 
their behaviour under Bihar conditions, and after cutting back, was carefully 
studied. In most cases, the root system was also examined. The range in 
general habit, in the size of plant, in root development, in the proportion of 
leaf to stem, in vegetative vigour, in the power of repair after cutting back 
was very great. Some were perennials and others proved to be annuals. Wild 
indigo and Presi indigo showed low vegetative vigour and little power of 
repair after cutting back, behaving very much like Sumatrana indigo. Natal 
indigo grew like the species obtained from Natal and showed itself to be a 
deep-rooting perennial, unsuited, however, on account of its deep root develop- 
ment, to Bihar conditions. The sample which most nearly resembled the old 
Java plant which did so well in Bihar, was the Java-Natal from the Koeto Sani 
Estate. The examination of the plants raised from these samples showed 
that there are many types of indigo now growing in Java only one of which 
was in the least suited to Bihar conditions. 

The eomposition of the Java crop in Bihar. 

In 1916, the botanical composition of the Java crop, as grown in Bihar, was 
examined in detail and compared with Java indigo as it existed in 1906 eleven 
years earlier. By a fortunate circumstance, we grew several plots of Java 
indigo at Pusa, in 1906 and 1906, andhhus became familiar with the plant which 
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. at first did so well m Biliar. To enable tbe clianges in botanical cotnposil ion f* 

whi(‘Ii lia.vo taken [)lace in recent years, to be understood, some n'lerciict' lo ^ ^ 

the methods of seed supply in Bibar is necessary. Up to very trcenl. yesms. 

.„the im^thod of raising seed in vogue was to allow- tbe best of t in*- fields (<» l!ow(‘r 
after tJu! second cut of leaf w'a.s taken in August, This invoivt'd 1 lie prodiiciiou 
of seed from jilant greatly diminislied in vigour, both l)y tbe growl ii of Iavo - , 

cuts of leaf and by the unfavourable soil conditions set U]> by the monsoon. 

Tbe result was insiilifcieut seed and moreover the wrong type of seed. Tins 
arose fi-om two causes. lu tlie first place, the early, rapidly growing t\'pes in 
the mixture flowered iu September and early October, when the air was too 
damp for fei‘tilir:afcion to take place. These naturally became sii])]U’essed. 

Consequently, the bulk of seed was obtained from the later deep-rooting types. 

The methotl of seed grooving, therefore, rapidly altered tbe ])otani('al compo- 
sition of the crop and favoured deep-rooting rintbrifty types, A shortage of 
seed resulted whieli iieciessitated a considerable anioimt of iuqioria I ion. At 
first, this was obtained from Java, not bowever, from tin*. Dutch phmtm’s, 
who had by this time practically given up indigo^ but from the natives who 
naturally paid no attention . either to the type or to selection, it was no 
surprise, therefore, to find in 1916, that the Java crop in Bihar contained siu.b an 
extraordinary range of t-ypes. It consisted of every grudafion between 
rapidly-grownng surface-rooted annuals and slow-growing decji-roofed ptu'cn- # » 

nials. The range Jn the type of foliage arid in the pr(ij)()rti()u ()f leaf t() sb'in 
was coiisidemble, AVeak, procumbent types Jike the wild indigo of dava., 
were met with as Avell as forms resembling .Bresi indigo. Besklea, a host <»f 
intermediates occurred which, when sown separately, yielded a wide raugi* of 
types. Bxamination of the plants raised from a samph'. of seed fi-om da.vn., 
imported by one of the planters in 1916, showed that tJie mlmixtui'c of forms ** 


Avas even greater than that met wdth in the ordinary Bihar crop. The only 
conclusion that could be arrived at ivas that the natives of Java, wlio foi' many 
years had been supplying the Bihar planters with their indigo seed, hml been 
in the habit of growing, together all kinds of indigo found in Java, and tiiat a 


great deal of natural crossing had taken plane in consequence. 1 n tJui jiroccss, 
the original type grown by the Dutch planters had become altcund almost 
beyond recognition. The methods of seed growing in Bihar and the entire 
absence of selection did notliiug to improve matters. 

These facts and observations fully explain the degimmution wliicli lias 
taken place in Java indigo. While continuous selection was juacitised iiy tJie 
Dutch planters a type of plant suitable for growth in l,(>avy rice soils was 
maintained and this seed naturally did well under Bihar conditions ami was 
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able to survive tlie raiiiy season. The stoppage of selection, the mixing of 
kinds which is such a characteristic of, native agriculture and the resulting 
crossing with types which do not suit Bihar soon completely altered the bota- 
nical composition of the crop and rendered it unsuitable for growth under 
monsoon conditions. Indigo wilt is, therefore, another example of degeneration 
through vicinism. 

IV. The REMEDIES AGAINST WILT. 

Now that the nature and cause of wilt have been discovered, the question 
of remedies can be considered. Wilt has arisen from unrestricted natural 
cross-fertilization which, in the course of time, has completely altered the 
original type .which did so well in Bihar. This crossing with annuals' 
combined with the complete cessation of selection has lowered the general 
vigour of the crop, has rendered it much more susceptible to waterlogged 
conditions and has altered the type of root -system. The problem is now to 
recover by selection the original type which, suited Bihar conditions and to 
maintain it by continuous selection. The maintenance of the type will pro- 
bably prove to be the most difficult portion of the work. 

Java indigo only sets seed if visited by bees and the crop is a mass of freely 
crossing heterozygotes. If grown from self-fertilized seed, there is a rapid 
loss of vigour through self-sterility. The ordinary methods of selection, 
therefore, do not apply; Crossing can only be controlled, it cannot be pre- 
vented. To maintain the type required, constant selection will be essential 
and the greatest attention will have to be paid to seed growing. ’ The present 
practice of importing into Bihar any kind of seed which happens to be offered 
for sale, w.ill have to be given up and arrangements will have to be made to 
grow all the seed required locally and to carry out the necessary selection on 
the estates themselves. 

Selection. 

A considerable amount of selection work has been done on the ordinary 
indigo crop and oh the samples obtained from Java. Several of these selections 
have already been tested on an estate scale. Three types have survived the 
early trials and have been retained for further work. These are as follows - 

Type 10. A mixture of quick growing early maturing forms selected 
from the seed imported from Java in 1916. The selection work in progress 
on this type promises to isolate a type of Java indigo which might replace 
Sumatrana. Sufficient seed has already been obtamed for trials on an estate 
scale which have been arranged for. 

Type, 15. This is a somewhat bushy indigo with surface roots which 
shoots well after the first cut and which seeds well in Bihar. It is now being 
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grown succ('.s,sfully on several estates and is being iurther iinproved by selection 
at Piisa. 

Tjfpe 20. This has been selected froni the Java-Natal indigo oblaiiK-d 
from the Koeto Sani Estate in Java. It is a tall rapidly growing peivnnial 
indigo which resembles the original Java-Natal first inia’oduced into IJiliar. 
A number of plants of the original sample have given two crops of seed and have 
survived the intervening monsoon. Selection is in prognws on ihis 1yj)e by 
which the vigour is being increased and by which the powe.i- of repair after 
cutting back is being improved. 

As the soil conditions of the various indigo estabw in Pnha,r vaiy con- 
siderably, it is quite jiossible that one type of plant will not prove 1o Lie 1li(' 
most efficient in all cases. The soils of most of the estates iji the norihern 
portion of the indigo tract are heavier and moister than those of Ihe sonfli. 
Different types may, therefore, be required for the various ti’acts. Should Ihis 
be found to be the case, it will add considt'rably to tlio laboui’ of siJecf ion. 

Improved drainage. 

As poor soil aeration has been found to be an impoiJant facJor in fin*, well- 
being of the indigo crop, it follows that any improvement in flic gtaioral or 
local drainage of Biliar duilng the ]-a.ins would tend to reduce wilt, Itegarded 
in its widest aspect this is a laigc^ subj(.>ct as the elliciency of f he local riva'rs, 
on which the monsoon dra,inagc is hascsl, (h'pends on tlie rise and fall of ( he. 
Ganges, on the area under in mulatiou in Bengal a, nd outlie obstriK'tions (in ihe 
shape of embunkmeuts) to surface drainage in Bihar. The wider asptcts of the 
subject, however, demand attt'iition as there can he no question that flood 
level in Bihar is rising and that th(‘. damage done to the monsoon (Tops is 
increasing. Improvements in local drainage are in many case's possilde by 
the adoption of the Piisa system, a jm'tliod winch has been taken U}) already 
on a number of estates. ^ 


Ari’ENIHX. 

Variation oj COo in the soil tjiiti from. fJanti^ferent in the Eotaniml A.rea^ 
Fiisa, duriufj the period Januanj to November 1919. 

Apparatus and methods employed, 

A bole was first made in the ])lot by means of a half-inch auger. A brass 
tulie (2 feet J imJies in length, inner diameter 0-6") sharpened at oiu'. end with 
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holes I" in diameter on its side every half -inch apart up to a length of 6" from 
the sharpened end, was driven firmly into the soil at an angle of about 30°, 
so that the end of the tube penetrated to a depth of about 12" from the surface. 
Three inches of the tube remained outside the soil. The open end of the 
tube T outside the soil was comiected by means of a rubber stopper R and a tap 



Flo. 5.-~Apparatus used in determining the amount of carbon dioxide in the soil 
atmosphere. 

U to a capillary tube V to a Reiset’s apparatus A, containing a measured volume 
of baryta water of known strength. The Reiset^s apparatus was connected to a 
15 litre aspirator bottle B filled with water. The aspirator bottle was grad- 
uated by means of a paper scale to litres,. Soil gas was aspirated through the 
apparatus by allowing the water to flow by means of the exit tube C attached 
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2r. 

(to tlie aspirator. The flow of the gas was regulated by moans of tln^ ser<'W 
.oli]) D and was kept at about 3 litres per hour. .Before opening the t;i|) T 
all tliii connections were tested for leakage. On opening t,!u^ taj) 'i\ soil gas 
passes through the baryta solution which, absorbs the CH):;, forming bariiim 
carbonate. The three perforated silver cones, a, b a,nd c in the tow(M' ol the; 
Reiset’s apparatus allow complete absorption of tlie OO^ by baryta, solu- 
tion. About 10 litres of soil gas were aspirated in ea,cji ca.se. At tln^ (me I ol 
each experiment, the volume of gas and the temperature (indicated in the 
thermometer in the neck of the aspirator bottle) were noted, th.o tap T Y'.a,s 
closed, and the apparatus disconnected and brought to the laboratory. The 
baryta water from the lleiset’s apparatus was filtered quickly, tilled into a 
burette, a measured portion run out and titrated against standard acid. The 
strengtli of the baryta water used ^as detehriined once previous to tJie aspi- 
ration of soil gas and the difierenoe in strength aftnr aspii'iition gnve tin* 
measure for calcuhiting tTie amount of (U.)^ coiita.iued in tlu^ S(»il gas. By this 
method, the amounts of CO^. in, the soil gas from (I) gra,ss(al down, (2) grassed 
down but partially aerated by trenches a, ml (3) cuff iva, ted jdofs, wc're deter- 
mined once every month a.nd the results obtaimal a, re given in Table 11 and 
Plate I. 

Results. 

The results at once show that the OOo has been consistently liigli in the, 
grassed plot and. low in the surface 'cultivated plot; the trenc]ii‘d plot, la'ing 
intermediate between the two as regards CO-j, content. Buring tin* llrsl, t,lir('e 
months, January to March, whereas the gras.sed plot had shown praciieaJly no 
improvement, the other tw(|) showed a marked falling ofi; in the (10^. pr('Hout, 
with the lowering of the wa4r-level. During May and June, when l.he W('ath('r 
was hottest and when the water-level was its lowest, the OO^ cont(mt in all 
the three plots was also ]o\Yes1„ With the advent of the monsoon and a fail- 
amount of rainfall, all the plots showed a conshhu'abh! rise in the amount of 
CO 2 present in the soil gas—the "uich in 

gras,sed and trenched plots, and one and a half times as much in tlu' cultivated 
plot. From July to September, coincident with the increase in rainbdl and 
the consecpient rise' of the Abater-level, there has been a u'gnlar riso in the, 
amount of GO 2 in .the soil ga,s from all three plots. The (Jid.olxu- and Nbjv- 
etuber figures ,sh.ow a marked fall in the amount of (jOo in all fhive plol.s. 

Nommheir IJli), Jatjndiia .N.-vrii Muxiiku.iioe, 

fimt A^mtant to the Imperial 

AfjriciiUiiral Uhemial, Pum, 


PART II. 


THE ■ FACTOES UNDEELYINH THE SEED PEODUGTION AND , 
GROWTH OF JAVA INDIGO IN BIHAE. ■ 

, - I. Seed PRODUCTION. 

In 1913, when we took up the investigation of Java indigo in Eihar, the 
seed problem was acute and the industry .was in danger of extinction from 
this cause alone. The supplies had fallen so low that they were insuHicieiit 
•for sowing while the price had reached a point which seriously reduced the 
margin of ‘profit. . - . 

The method of raising indigo seed in vogue in 1913, w^as to allow the best 
of' the fields to flower after the second cut of. leaf was taken in August. This 
involved, the production of seed from plant greatly diminished in vigour both 
by the growth of two cuts of leaf and by the unfavourable soil conditions set 
up by the monsoon. The result was insufficient seed and moreover the wrong 
type of seed. This arose from two causes. The early, rapidly growing types 
in the mixture flowered in September and early October, when the air was too 
damp for fertilization to take place. The bulk of the seed was obtained from 
the later deep-rooting types. This method of seed growings therefore, adversely 
altered the botanical composition of the crop. The shortage of' seed which 
resulted necessitated a considerable amount of importation. At fii’st, this 
was obtained from Java, where the supply for Bihar was grown by the natives, 
who- naturally paid no .attention either to the type or to methods of selection. 
In recent yea.rs, supplies have been , purchased from Assam and the. United 
Provinces, and indeed from any locality in India which happened to have indigo 
seed for sale. The feature of these external seed supplies was the entire 
absence of selectiop of forms suitable .for Bihar conditions.,. 

The results of our investigation on wilt show that the type of indigo 
fequired, in Bihar is a surface-rooting, rapidly growing, plant which , is . also 
resistant to waterlogging. As Java indigo is a mass of .heterozygotes and as 
the range of possible forms is very great, it follows that it is not sufificient 
merely to isolate a suitable type, by selection. The type, must .be maintamed 
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by continuous selection or a repetition of tbe wilt problem is inevitable. To 
acMeve this object, the seed must be grown in Bihar and the annual selection 
necessary must be carried out locally. Thus tlie raising of seed is a matter 
of the very greatest importance to the future of the indigo industry. 

The factors underlying seed production. 

The solution of the problem of seed production was found to lie in the 
growing of a special seed crop and in obtaining the seed from the most vigorous 
plants. This was accomplished by sowing the seed crop in early August 
by which time the rains were half over. Provided high lying land in good 
condition with excellent surface drainage is selected and attention is given to 
surface cultivation, the seed crop can be established even in the wettest years. 
At hrstj) growth is slow and root-development is largely confined to the upper 
layers of soil. As the level of the ground water falls, the soil aeration improves 
and the roots invade the deeper layers. By October the crop is established 
and growth then becomes rapid. The yield of seed has been found to depend 
on two factors — fertilization and the rapid growth of the plant. 

Fertilization. The conditions necessary for fertilization were found 
to be temperature and humidity. In Bihar, indigo can be made to flower 
at almost any period of the year but it only sets seed if the temperature 
and humidity are both favourable. In September and early October, the air 
is too damp for setting to take place and although flowers and pods form, 
practically no seed is obtained, in JJecember, it is too cold for fertilization. 

The best period in the year is the six weeks between October 16th and 
November 80th, when the weather is warm and dry. At this time, fogs 
and rain are practically unknown. Bees are very active during this period 
when, other things being favourable, practically every indigo flower is 
visited and yields good seed. For all the flowers to be worked over, the 
plants must be properly spaced and allowed to branch freely. Anything in 
the nature of overcrowding prevents proper branching and also keeps the air 
round the plants too damp. It is best, therefore, to grow the crop in lines, 
about three feet apart, and to attend to spacing in the rows from the very 
begimiing. The plants should be well forward by the middle of October, so 
that flowering begins about this time. Any great delay means a reduced 
yield of seed. 

Ra'pid growth. It is obvious that the production of a heavy crop of 
seed necessitates a large and vigorous plant. This is only possible if the soil 
conditions are maintained at the optimum. The fields selected must be high 
lying, above the flood level and the smface drainage must be good. The 
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soil must be rich in organic matter to provide the nitrogen needed for rapid 
growth and also to preserve the soil texture during the late rains of August and 
September. After the last showers at the beginning of October, the soil between 
the rows must be deeply cultivated to supply the roots and nodules with abun- 
dant air. Thus organic matter, surface drainage and aeration are the chief 
soil factors w’hich require attention. The importance of surface drainage 
needs no proof — ^in its absence in a wet season there is no crop. 

In the investigation of the effect of aeration and organic matter on seed 
production, a modified method of pot culture ^ was adopted. ' The pots 
consisted of pits, S feet square and 18 inches deep, filled with soil diluted with 
various aerating materials or mixed with various manures. The pits thus 
act as culture pots. If prepared before the rains, the soil settles down and 
by August are ready for sowing with indigo. In this way, many difficulties 
are avoided such as the water-supply and the effect of temperature. Period- 
ical measurements of the height are made, determinations of the soil moisture 
and available nitrogen are carried out and after the seed is harvested, the 
weight of dry stem, less the leaves, is recorded. The results are set out in 
Table I. 
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The effect of soil aeration and organic matter on the seed production of J ami indigo . 
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An exaininiition of tlie table discloses several interesting facts. As- 
regards growth and seed formation, improved aeration by itself lias had a 
Mijirked elfcct. Seed production was increased nearly three times and gi'owth 
was almost doiililed by the subvstitntioii of ten per cent of the volume of ‘rfoil* 
by potslierds. The replacement of half the soil by sand led to a similar result. 
The greatest effects, however, were produced b}?- leaf-mould with or without 
potsherds. The' replacement of forty per cent of the volume of the soil by 
leal -mould (30 per cen) and potsherds (10 per cen^ inciAaSed seed production 
twenty-one times and growth more than tenfold. These results have heen fre- 
quently confirmed both in the field and in other series of pPt cultures. The effect 
of temperature is sliowm by tlie falling off in the rate of growth which took place 
in all the pots after the end of November, no matter what the treatment. This 
ahvays happens in, the case of Java indigo at this time.. After the end of 
November, no matter what the size of the plant may be there is practically no 
growth and no setting takes place during the cold months pf December, 
Jannary and February unless the temperature is much ahove the normal 


An improved method of seed growing. 

The discovery of the factors underlying seed production enabled us to 
devise an improved method of growing indigo seed in Bihar. Instead of 
raising seed after leaf fi'om a partially exhausted plant, it w\as found better to 
reverse the process and to raise a special seed crop which afterwards coiild, be 
kept for leaf. For this purpose, the seed is sown early in August on specially 
selected, high lying fields, known as dee fields. l''hese fields must be above the 
flood, level and they must have excellent surface drainage. They should lie, if 
possible, near the banks of rivers so that the aeration of the soil is improved as 
quickly as possible, when the water-level falls in September and October. To 
enable rapid growth to take place and to preserve the soil texture during the 
rains of August and September, the land must be well manured the previous 
May or June, ■with decayed organic matter and afterwards worked as a clean 
fallow. The crop should be sown in lines about three feet apart and particular 
care must be taken during the rains to break the surface crusts formed by rain 
as often as possible. This frequent harrowing is essential as the seedlings of 
Java indigo are very susceptible to poor soil aeration and are easily killed by' 
surface crusts. ‘’After the last rains at the beginning of October, a final har- 
rowing is necessary , followed by deep cultivation between the lines to provide 
coj)ious aeration for the intense nodular development then in progrilSfi.' 

Ill addition to correct soil management, the object of which is to raise a 
large strongly growing jilant by flowering time in mid October^ particular 
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attention iniist be paid to thinning and selection. A good (h'al of natiifad 
selection takes place by the extinction, through poor soil iun'iitiou. ol nuiuy <ti' 
the deep-rooted constituents which naturally result from the ganudii' con- 
stitution of the crop. It is always found that many of the (l('(']>-ro()t('d un- 
thrifty plants either die out altogether or lag behind thci surfnc{>-roofe(l l.y])('s. 
All small weak plants which survive should be destroyed from iiiiu^ iotijm', 
and the crop at flowering time should consist only of tlie ty})e required. The 
best plants are those which branch copiously and which also flowe.7' early. 
After flowering has set in, a final thinning is required to eliminate those indi- 
viduals which, although of suitable habit, show a tendency to flower too 
late. 

The result is a magnificent crop of seed which in good years weiglis out 
well over half a ton to the acre. Even in the worst years at, I’usa, the yield 
has not fallen below a quarter of a ton to the acri'. The sian) ])i-o<hic(‘d is 
heavy and well matured and far sujierior to anything produced elsmvhm’c. 
It germinates strongly and evenly and the re.sulting <‘ro])s do widl. As i,h(^ yield 
of seed varies considerably with the .season, estates should hold abouf, half 
their annual seed requirements in reserve so as to maki^ up for any didleif, 
in a year of late floods. Indigo seed retains its germinating power for 
several years if thoroughly dried before storage in tlu' air fighj. seed bins 
devised by the Botanical Section at Pusa which are now on the marki'fc in 
India. 

This improved method of seed growing has betai successfully adopfed on 
several of the indigo estates in Bihar and during flu* pu'sent year Iblb, ex- 
cellent crops are to be seen. August sowing in Bihar will by itself inquuve 
the type of indigo as it helps to eliminate the deep-roofing unthrifty iy{)es sus- 
ceptible to wilt and favours tlie shallow rooted quick growing wilt u'sistant 
forms. Hence the impoi-tance of ])roducing all tluj indigo seed rcspiii-ed in 
Bihar itself and the discontinuance of the juactice of im})orta(ion from outside 
sources where natural selection does not operate to anyf.hing like the same 
extent. 

11. The growth of Java indigo. 

While the investigation of the wilt disease and of tdie factors underlying 
seed production were in progress, attention has been devoted to the conditions 
necessary for the growth of the ordinary indigo crop. A la.rg(* amount of 
work has been done on this side of the question and several imjuovenumts in 
cultivation have resulted. The growth of the indigo crop, tilings la'ing 

equal, has been found to depend mainly on two factors- soil um'utjon and 
organic matter. 
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Soil aeration. 

ff'rum time', ilie ordinary crop is sown in September or eai'Iy Octt)ber 
1(f followiiifi; May, indigo shows a remarkable response to soil aeratkm. 
Alter g(‘rniiiial:ion and wliile tlie seedlings are small, anything in the nature 
(»l a surface crust is iatul and constant harrowing is essential. During the 
cold weather and the hot months of March, April and May, indigo shows a 
ri'ina.rkabie response to re])eatcd harrowings with the lever harrow. Tiiese 
iiiiplomcnts were originally introduced into India by the Botanical Section 
of the Busa Institute and are now widely used on the indigo estates. The}’ 
GJiabhi the surface soil to be broken up to a depth of nearly two inebes and the 
mulch produced preserves the soil moisture during the hot weather. In 
addition, aeration is im]n‘oved and the large supply of air needed by the intense 
nodular developuient which takes place at the break of the rains, is provided 
for. During the early monsoon, soil aeration is maiutaiued hy the rain- 
fall wbicli is a saturated solution of oxygen and experiments show tliat culti- 
vation at this ])eriod is unnecessary and does more hann than good. In the 
later rains, th(iinarke<I acu’otropism of the roots (caused by the rise of the gases 
of the deep soil layers which follow's the upward movement of the ground 
water) combined with the destruction of the absorbing root system of the 
subsoil, places cultivation out of the question. This should, therefore, stop at 
the break of the rains in May. 

In addition to im 2 )roved aeration by means of surface cultivation, the 
indigo plant shows a marked response to a more open soil texture and also to 
the aeration of the subsoil. As an example of the effect of altered soil texture 
the- results obtained on growth by the addition of sand or potsherds to the soil 
are of interest. (Table IL) 

Table II. 


The ejfect oj imqircmed soil aeration on the growth of indigo. 


Kind of soil 

No. of plants 

Average length 

Percentage 


measured 

in cm. 

increase 

Soil only . . • • • • 

33 

36-7 ; 


i30% soil 50% sand . . , . .. 

86 

,.61*6... 

' 4:(3 

00% soil 10% potsherd-s . . 

33 

48*3 1 

3.1 

70% soil 30% potsherds 

35 

.50*9 1 



a'he substitution of only temper cent of the volume of soil by inert potsiierds 
siiHiced to increase growth by over 30 per cent. 

Equally striking are the results obtained by waterlogging the subsoil 
before tlic indigo crop is sown. The effect of waterlogging the heavier soils 
at Busa during September, has been found to result in extensive losses of 
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nitrogen through denitrification. In September 1917, a .somewhat .stilT j)i('ce 
of land was waterlogged for a month and sown with Java indigo ihe I'oliowiiig 
October. Tlie elTcct of the waterlogging on this legiimmous ])1ant, was very 
marked. Five months after sowing, equal areas on the wateiioggi'd aiul 
coukol plots were taken and the heights of the plants were im'asured. On tht^ 
waterlogged plot, the average height of 200 plants was 10'5 cm. ; on the- eon* 
trol, the average height of an equal number of plants was 28*0 cm. Wiieii the 
root system of the plants on these plots was examined, it was found tliat tlie. 
first effect of waterlogging was to restrict the roots to the upper layers during 
the first few months of growth and to change the general character of the root 
system. The results are shown in Fig. 1. On the left is represented the root 




l^ia. J The root system of Java indigo showing the effect of waterlogging before sowing 
(left) compared with the control (right). 

system of a plant from the plot waterlogged a month before .sowing, on the 
right a specimen of the roots from the control plot is to be seen. In tlie water- 
logged plot, the development of the tap-root is arresited and one of tlie laterals 
after bending takes its place. In the case illustrated, the acting tap-root was 
followed to .some distance and was found to give off very few branches. 
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When the subsoil is gradually waterlogged from below after tlie seed if 
sown, still greater clianges in the root system are obtained. Gradual water- 
logging from b(!l()w after sowing is obtained by growing the crop in lysimeters, 
iiie (Iraiuiige openings of which can be closed at will. In 1918, a series of such 
experiments was carried out and at the end the growth, and root-development 
obtained under (Irainetl and waterlogged conditions was compared. The 
results are sliown in Fig. 2. 




The effect of waterlogging after sowing on the root- 
development of Java indigo. 
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Manuring. 

Altlioiigli indigo is a leguminous plant there is a c()])i()us (ievelopiiuMil of 
nodules only after the early rains, so that it responds luurhedly io niir(ig(Mi 
applied in the form of organic matter such as leaf-mould, faiuiyard niiiiiure 
or oilcake. That nitrogen is required by the young crop is siiggcNsted by lli(‘ 
waterlogging experiment carried out in September 1917, which is described 
above. This indication has been confirmed by the results of miiuerous fitild 
experiments and, of several series of pot cultures. The chief effect of the orga- 
nic matter is to stimulate the seedlings and. to help the crop to establish itsell. 
.If the soil is too poor at sowing time, numerous bare patches in the field 
develop and the crop looks thin and starved. Organic matter, on the othei- 
hand, leads to dark foliage and to strong growth. The effects persist till tlu‘, 
break of the rains when, they pass off due, in all probability, to tlie result of 
the intense nodular development which is such a feature of the <u‘op at this 
period. Even during the rains, the indigo crop appears to make use of coiu.. 
billed nitrogen as the cereal crops like wheat and oats which follow indigo 
compared with those on fallow land never show any great vegc.taiivi^ vigour 
and exhibit all the signs of a reduced supply of available nitrogen. 

The effect of available phosphate on growth has been investigated by 
growing indigo in two sets of lysiinoters-— one filled with alluvial soil from 
Kalianpur and the other with .Pusa soil. Kalianpur soil is excjcediugly rich 
in. available phosphate (0-318 per cent) while Pusa soil, when a,nalysc,d by 
Dyer’s method, gives very low figures (0-0()l per cent) for availabh*. phosphate. 
In spite of this tlie growth has always been greater in Pusa soil than in Kaliiui- 
pur soil as the following measurements taken on September 11th, 1 91 8, 
show : — 

Average height of plants in inches. 

Pusa soil . . . . . . , . 10'7 

Kalianpur soil .. .. * . . 5-0 

A second similar set of measurements were made on September IDfJi, 
1919, with the following results : — 

Average height of plants in incdu!.s. 

Pusa soil . . . . , . . . 36'4 

Kalianpur soil .. .. .. 20-1 

These figures afford no support to the view that manuring with supe.r- 
phos] hate will increase the growth of Java indigo, 

Pusa: 

Novemher, 



^ SciefUiJk Beports of the Agricultural Besearch Institute, Pusa, 1917-18, i)age 74. 
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(1) DIPLODIA CORCHORI SYD, 
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The Disease in the Field. 
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During tlie siiininer of 1917^ an area of about 40 acres on the Pusa Farm 
was placed under jute {Oorchoms capsiikms). The variety grown was “ kakya 
bombai, ” a pure line race selected by tlie Fibre Expert to the Govermneiit of 
Bengal (Mr. R. S. Finlow) and possessing many advantages in size and yield over 
the races cominonly grown by the ryot in the great jute-producing districts of 
Eastern Bengal Not all the area under j ute was sown at the same time, some 
being sown about the middle of March and the remainder not until June. As 
the season advanced, the superior height and thickness of stem of the early sown 
portion became very noticeable. In the case of jute grown for seed, however, the 
size of the stem is not of such importance as when it is grown for fibre. 

By the beginning of August the early sown portion of the crop had reached a 
height of 10-12 feet, about twice the size of the late sown, and presented a dense 
and almost impenetrable growth. The plants were a bright green colour but 
throughout this portion of the crop several plants appeared to be drjdng up and 
wilting, with the formation of a dense black discoloured band round the stem at a 
point about 2-3 feet above the ground level (PI. I, fig. 1). Such plants ulti- 
mately lost all their leaves and were left standing as dry black stems, forming 
relatively conspicuous objects among their healthy green neiglibours. Inter- 
mediate stages in the progress of the disease showed that the blackening of the 
stem nearly always commenced with the formation of a discoloured ring or band 


as 
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round tin; stem wiiicli gradually increased in density and spread uj) and (kavn the 
stem. Hence the suggested name of “ black band ” disease. ,ride ])lants, as the 
crop is grown in the fieltl, consist typically of a long straiglit stem wliich remains 
imbranched until near the apex where the flower-bearing axes aris(‘.. Hncli n stem 
lias numerous lateral bnds throughout its entire length a.nd from tliose buds abor- 
tive branches often arise. Tliese branches reach a length of 2-1 inches and then 
almost invariably cease growth and dry up ; they remain as short brown twigs jiro- 
jecting from the main stem. It is noticeable in the field that the commencement 
of an infection is frequently from the base of one of these lateral tAvigs, where the 
dead tissues might be expected to afford an exceptionally favoiira])le medium foi.’ 
the commencement of fungal groAvth. In other cases a leaf, or it latfu’ai bud with 
leaves just open, is seen in a collapsed and blackened condition adhering to tlui 
main stem, and the. disease ajipeam to have spread from this point. As the disease 
extends on the main stem tlie bark splits longitudinally (1*1. I, fig. 2) and the bast; 
fibres are exposed. In the final stages the fibres can be seen brown anti dry with 
the intervening tivssues decayed away. Examination of the surface of a blackened 
stem show’-ed the presence of minute spherical black bodies (Pll, fig. 3), suggesting 
pycnidia, and frequently there were visible, even to the nakt‘d eye, small white 
aggregations, which appeared to be exuding from the spherical black bodies. On 
rubbing the hand up and, down such a stem tlie fingers became covei-ed with a 
black dust. 

As the season advanced the number of infected jfiants I'apidly increased until 
by the middle of October about 20 per cent, of the early sowm crop was infected. 
The late sown crop remained small, about G feet high , and was SAiiprisingly free from 
the disease — not one infected ])]ant could be discovered. In addition to the jute 
seed crop at Pusa a. quantity was being growm in neighbouring indigo factories for 
seed for the Fibre Expert. These crops all showed the same state of affairs as the 
Pusa crop. Where the jute had been sown early, and the plants WQra w<dl deve- 
loped and comparable in size to Hie early sown jute at Pusa, there Hie same disease 
was found ; crops, however, Avhieh had been sown late, and were small in stature 
were free from the disease, A similar result followed from the ins]>ection of the 
Jute seed crop at more distant centres in Champaran. 

In addition to the jute seed crop in Bihar, a further area was being grown for 
seed on an estate in Kamnip, Assam. The inspection of Hie Kamrup crop pro- 
vided some very interesting information. On this estate jute (green 6'. capmhm) 
was extensively grown and the bulk of the crop was being cut for fibre, but an area, 
estimated to yield 1,000 mamids, was being kept for seed. In gi’owing a croji for 
fibre the main consideration is to secure long straiglit mibranched stems AvliiiJi. will 
give*a good length of fibre. In growing a crop fot seed the branching of the mai]\ 
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. Btern alioidd be encouraged ,iii order to increase the mmiber of potential flower- 
bearing axes. Bearing these factors in inihd the crop at Kanirup consisted of a 
tbickly sown, portion, in which the plants had grown up almost touching one 
another and which w^as bemg cut for fibre, and an area in w^hich the plants had 
been thinned out to a distance of 18 inches and which was being Icept for seed. 
All the jute w'^as ” kakya bombai ” and in both cases the stems had reached a 
height of about 10 to 12 feet. In the case of the thinned out seed crop, however, 
the stems were rather thicker and of coinse more branched than in the fibre crop. 
This seed crop sliow^ed many cases of the disease in a fashion precisely similar to 
the Pusa crop. In the fibre crop, however, diseased individuals were much less 
numerous, and in fact the trouble would more or less have escaped notice and would 
not have been classed as a disease in this crop. A further correspondence wdth the 
facts observed in Pusa was furnished by two seed plots which had been sown on 
21st June, a month later than the remaining seed and fibre crops. These plants 
w'ere much smaller than the earlier sown plants and the disease 'was not established 
among them. In one corner of one of these plots, however, the plants had grown to 
an exceptionally large size, possibly owing to some local riclmess of soil, and here 
about 30 per cent, of the plants had the disease. The yield of seed from diseased 
plants is very greatly reduced, as such plants dry up quicker than their healthy 
companions and are liable to shed their seed in the field. The actual formation 
of seed in the capsules also appeared to be less than normal. 

Thus the yield of seed per acre in the Assam plots was 6 maunds in 1917 in 
comparison with 7 maimds in 1916, and at Pusa the yield w%s 4’33 maunds in 
1917. 

In 1918^ jute was again grown on the Pusa Farm but the incidence of the 
disease was much less, save in one field which had been under , jute in 1916. 
Here the crop was so badly diseased that the whole area had to be cut and burnt. 
The fact that it is only stems of a certain size and maturity which are liable to 
infection was well illustrated by some statistics obtained from this crop. Of stems 
over 5 feet high a proportion of about 20 to 26 per cent, was infected and 
the same amount of diseased plants was observed on counting only stems which 
w^ere 1 inch, or more, thick at the ground level. In any jute crop, however, there 
are a considerable number of plants which are the result of late germination and in 
which the stems remain thin and relatively short. Among stems of this size the 
disease w^as practically non-existent, and if such plants are included in the 
estimation the proportion of diseased stems may be as low as 3 per cent. 
The proportion of diseased stems among the larger plants, how’’ever, gives 
a more accurate measure of the extent of the damage to the crop. 


t Scienti^ Meporta.of the Agricultural Research Institute, Pusa, 1918-19, page 69, 


40 


BIPLODIA COEOHORI SYD. 


In Bihar, in 191.8, tlie disease was generally much less tlian in the pre(.‘edi!ig 
year. This is probably to be attributed to the abnormal dry iniss (I,Mat<‘. VllJ) of 
the air during September-October, when the disease is apt to ,spr(5ad most {piickly. 
In all cases it was found that the late sown crop was relatively iinmuiu* and t he 
early sown, large, well grown crop was most liable to the disease. 

In Eastern Bengal, in August-September, 1918, the disease was present 
in Dacca, Mymensingh, Sinjhani and Haldibari. The number of diseased stems, 
however, was very small, and unless the disease appears earlier it is evidently not 
likely to be a serious source of damage to the fibre crop. An interesting fact 
observed was that in Dacca red-stemmed varieties of G. capmlayis appeared to be 
much less susceptible to attack than green-stemmed, while 0. olitorius aj)pca.red 
to be quite free from the disease. In Rajshahi the jute crop was C. olitorius and 
here also the disease was practically absent. 

In 1919 the condition of the jute crop on Dacca Farm by no means agreed 
with that in the previous season. The olitor ius crop, both green and red-stemmed 
varieties, was attacked. The incidence of the disease was not heavy and varied 
considerably in different fields on the farm, the greatest damage seen in any one 
area was probably about 10 per cent. Red-stemmed C. ewpsularis was also attacked. 
These observations were quite sufficient to show that neither red-stemmed 
laris notoUtorms jute was resistant to the disease. At Chinsurah Farm the jut6 
crop was 0, olitorius, both red and green varieties being the same as at Dacca. The 
crop was in this case very fine, averaging about 14 feet in height, and there was not a 
single case of “ black band ” disease. At Rangpur Farm both the olitonus crop and 
green-stemmed capsularis were infected. The disease, however, only reacliing an 
appreciable degree when the plants were of a certain size. 

In Bihar, in 1919, the state of the jute crop was very similar to that in 1918. 
A considerable portion of the seed crop had, however, been sown as late us J line and 
this was invariably clean and healthy. In the more early sown areas the crop 
was only slightly diseased and not to an extent which would seriously diminish 
the yield. 

Reviewing these observations on the seed jute crop of the last three years 
certain general facts emerge : — 

(1) The disease exists in Bihar, Assam and Bengal, and is evidently 
well -diffused over the whole jute-bearing area. 

(2) The incidence of the disease is in some way bound up with ihe crop 
reaching a certain degree of size. 

Beyond these facts, however, the evidences as to the conditions which favour 
the increase of tfie disease aye confusing and will be considered later. 
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The Cause of the Disease. 

A microscopic examination of a diseased stem demonstrated the presence of a 
parasitic fungus. The small black spherical bodies visible just below the 
epidermis were the pycnidia of a Diplodta, and the black dust which comes off on 
handling a diseased stem was Dvplodia spores. The small white aggregations 
which appear on the surface of a diseased stem are masses of immature hyaline 
spores. The spores when mature are dark brown, bicellular bodies 
averaging 24 X 12ia within the limits 20-29/* X 10-15/*. The pycnidia were rounded 
black structures, about 200-30C/* in diameter, wdth a conspicuous mouth (PL II, 
figs. 1, 2) : although numerous and almost touching they do not run together. This 
fungus is evidently identical with that previously described^ by Sydow and 
Butler as Diplodia Gm-chon Syd. and first identified from material collected in 
1910. Earlier than this the fungus had been collected, but not identified 
and named, from a wide area in Bengal including places as far as Kissenganj and 
Mymensingh. It has, however, never before 1917 been observed in such numbers 
as to suggest that it was anything but a stray parasite. 

On splitting open the bark of a diseased stem the surface of the wood is found 
to be coloured a deep brown, and in advanced cases of disease is almost black. 
This discoloration is due to the presence of masses of dark brown hyphse 
of Diplodia running over the surface of the wood. The fibre is similarly 
stained. 

A transverse section of the stem shows that the pycnidia are very 
superficial and occur in the outer layers of the cortex just covered by a few 
layers of cork cells (PI. II, fig. 1). The mouths of the pycnidia break through 
this cork covering. The hyphae of the fungus ramify in the cortex and traverse 
the phloem in all directions ; they can frequently be seen following the course 
of a medullary ray as far as the cambium, where hyphae are particularly 
numerous, and in fact this tissue seems to afford a pecuharly favourable medium 
for the growth of the fungus. This accounts for the discoloration of the 
outer surface of the wood in more advanced cases of disease. Hyphse also 
penetrate into the wood and are easily visible in section in the cells of the 
xyiem. 

From diseased plants the spores of the fungus were obtained and germi- 
nated in pure culture. In culture the fungus forms a copious mycelial growth, 
the mature hypha3 being a dirty greyish colour merging into brownish black in the 
old cultures. Up to the present pycnidia have not been formed on artificial 

^ Sydow, H. et P., et Butler, E. J. “ Eungi India Orientalis, Pars Anndles Ilycologici, 

Vol. XIV, 1916, page 196. , \ 
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media but on the cellulose medium and on dead sterile jute stems j)apilin,i:e 
-stromata were often produced. 

In artificial inoculations the fungus sets uj) a very lupid dcgenei-ai-ion in 
the tissues of the cortex and phloem (PI. IV, figs. 1, 2), In sections of an 
early stage of an infection hyphm can be seen ramifying in all ilirections in 
the cortex (PI IV, fig. 2; PL III, fig. 2), and it is evident that a celIulo,s<‘ 
dissolving enzyme is being secreted. The cellulose dissolving power of ilie 
fungus was tested in cultures upon pure cellulose, A cellulose {parchment) 
diffusion shell was placed in a flask with 50 c.c. of the following nutrient 
solution ; — 


Ainmonium phosphate 
Potassium nitrate 
Magnesium sulphate 
Lactic acid 
Water 


grin. 

6 

6 

. . 1 

2 

. . 1,000 c.c. 


The interior of the difiiision shell was then infected with the mycelium and 
the flask placed in an incubator at 30°C. Within 24 hours hypheo liad grown 
through the diffusion membrane into the surrounding liquid. This penetration 
could only be the result of the solution of a part of the diffusion membrane by 
the hyphse. After two months the fungus had formed a dense mycelial growth 
both within and without the diffusion shell, which had liecome (j^uite soft 
and rotten. Such cellulose fibres as persist among the fungal hyphse lose tiui 
characteristic colour reaction with Schultz solution which is given by the 
unaltered, cellulose. No sugar could be detected in the liquid in tlie flask. 
A control flask, which had not been infected with the fungus, remaineil 
unchanged. 

The fungus was then cultured upon pure cellulose, each cultui'c containing 
about 0’5 gramme of cellulose and 50 c.c. of the following solution : — 


Ji'otassium nitrate 
Monocalcic phosphate 
Magnesium sulphate 
Water 


gj'm. 

10 


1 


. 1,000 c.c. 


^In this case the only carbon present in the medium was tlie cellulose. Tlirca? 
flasks were infected with, the fimgus aud three weie lv(ipt as controls. After t\vo 
months, when vigorous growth in the infected flasks lau.!. luairly rotted the cellu- 
lose, the flasfks were opened and the liquids filtered and made uj) to a volume of 
100 c.c. Pro’m each liquid 25 c.c. were taken and then acidified witJi. 11 c.c. 
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concentrated sulplmric acid and titrated with, a solution of potassium pennaiiga- 
nate (1 grm. in 1,000 c.c.). The liquids from the control flasks required respect- 
ively an average of. 0‘85, 0'75 and 0‘85 c.c, of the potassium permanganate 
solution before a permanent colouration was obtained. For tlie entire liquid 
content of each control flask therefore approximately 3*2 c.c. of potassium 
permanganate solution were required. In the case of the three infected flasks 
25 c.c. of the liquid required an average 2*3, 2‘2 and 1’9 c.c. of potassium 
permanganate before a permanent coloration was obtahied. For the entire 
liquid contents of an infected flask, therefore, an average of 8‘4 c.c. of 
potassium permanganate solution was needed. Thus the liquid from the 
infected flasks had more organic matter in solution than that from the uninfected 
flasks, and tins could only have come from the solution of the cellulose by the 
action of the fungus. 

The power of setting up a rot in cellulose tissues does not, however, explain 
the manner in which the fungus gains entry into the stem of the host. This can 
only result .from ingress either at some break in the superficial tissues or from 
direct penetration of the cuticle. An mfection in which a minute piece of agar 
culture was placed on the surface of the stem resulted in direct penetration 
of the epidermis and cuticle (PI. IV, fig. 2) within 12 hours (Experiment IX). 
There exists, however, in this case the possibility that the presence of a small 
piece of agar in contact with the stem may cause a local softening of the cuticle, 
rendering the passage of the fungus more easy than under natiual conditions. 
The following exiDeriment was, therefore, carried out with the object of deciding 
whether the fungus could penetrate the uninjured cuticle. Three glass rods 
terminating in a small funnel-shaped expansion were placed upright in the 
soil next to three jute plants so that the edge of each fmmel was within 1 m.m, 
of a stem. A small piece of an agar culture of the fungus was then placed in 
the bottom of each funnel and the whole enclosed in a lamp cliiinney plugged 
with cotton wool. In the moi.st atmosphere the hyphm grew out over the edge 
of the fumiel and made contact with the j ute stem. A dark stain appeared on the 
stem in the region of infection, but the plants showed no sign of wilting, and 
after a week the infections were opened and portions of the stem from the region 
of apparent infection were fixed for microscopic examination. Sections showed 
clearly that penetration of the stem had taken place, and scattered hypha% causing 
a local disintegration of the tissues, could be seen in the cortex (PI. Ill, fig. 2). 
Unfortunately in this case cork formation had just commenced, and no cases could 
be seen in wdiich hyphai were directly penetrating the cork layers from the outside. 
The only place at which entry was obvious being in the region of a lenticel. The 
question, therefore, whether the Iiyphse of D. Gorchori can ordinarily penetrate the 
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imiE-jurcd cuticle and whether, if so, they do so hy virtue of a spciciid cu-l jn- 
dissolving enzymcd or merely by mechanical pressure, as stated hy recrout in- 
vestigators- in the case of other parasites, remains to be settled. It ctinnot be 
overlooked, however, that in the held tlie disease could .spn^ad, ra,imlly I'Vf'.n 
supposing that the epidermis of the host was impervious to the fungus. An ('!isy 
point of entry is afforded by the numerous lateral branches which exist as small diy 
twigs, and it has already been mentioned that, hi the field, a number of inlectitins 
appear to originate in this way. 

Inoculations. 

Inoculations with pure cultures of Diplodia CorcJiori were hrst cari'ied out 
during September, 1917. The plants used for the experiments were henlthy jute 
stems, of the variety “ kakya bombai,” standing 7-10 feet high, along the (jusieru 
edge of the Pusa crop. 

Exjpef iment L Three plants each received a small tangential cut on 1 he stem 
surface, and the wound was infected with a small piece of agar culture of 1). Corvhori ; 
two of the plants had the w^omid infections hound up with oiled paper. 1 n each 
case a brown stain appeared at the seat of infection and spread up and df)wn the 
stem ; pycnidia and spores rapidly developed on the diseased tissues and when 
the discoloration had completely ringed the stem, the plant wiikered and lost its 
leaves. All the plants were dead in from 10 to 14 days after infection, tlic fungus 
spreading np and down the stems, wdiieli were left standing as blackened sticjks. 

Experiment 11. Three plants were infected with, pure cultures of 1). Oorc.hof% 
small portions of agar cultures being placed at the base of lateral slroots. Tdiese 
lateral shoots are quite small, about 1-3 inches long, and as a rule do not develop 
further, but are left o]x the mature plant as short dead twigs. In one <d‘ the. plants 
the point of infection was loosely bound up with oiled paper. Four d.sys after 
infection the lateral shoots were dead and black and a small brown stain was 
spreading in the axils of these shoots on each stem. In the case of tlio infe.ciion 
which had been bound up, the disease spread rapidly up and down and round tiic 
stem, as in Experiment 1, and death took place about 14 days after iidection. 
Pycnidia and spores of Biplodia were abundantly developed and the fiuigus wa.s 
re-isolated m culture from these spores, FTear the seat of infection, wlicie tlu^ 
fungus was most strongly developed, the hark became cracked and the brown 

^ Wiltsliiro, S. P. “Inlection. and Iimnttnity Studies on the Apide and Pear Scab Fungi 
{Veniuria ntwqualia & F qnn'nuy’ Annuls vf Aq)2}lkd Biologt/, Vol. I, January, 19,16, 

2 Blackman, V. H. & Welsford, E, J. “Studies in the Physiology oi Paxusitisni.” 
Anrials of Botany, XXX, July, 1916, 

2 Brown, W. “ Studic.s in the Physiology of Parasitism.” 4n»«hi of BoUimj, XXX, 1910. 

®Dey, P. K. “Studies in the Physiology of Parasitism.” Annats of JMuny, X.X.''lll, 
July, 1919* __ 
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discoloured surface of the wood could he seen. In the other two plants the fungus 
spread up and down one side of the stem but did not succeed in ringing it, and 
these plants retained their leaves as long as their healthy neighbom's. 

Experiment III. Three plants were infected with pure cultures of D. Corchori, 
each plant being wounded by means of a tangential cut on the stem surface. 
Tliese wound infections were all left exposed to the air. Two of the plants died 
within 10 days, the other was not completely ringed by the disease and survived 
longer. ’ _ 

As the season was now far advanced and the crop was drying off , further inocu- 
lation work was stopped. These preliminary experiments had, however, shown 
that the fungus was capable of infecting both unwoimded and wounded 
healthy jute stems. Inoculation experiments upon green-stemmed C. capsularis 
were resumed in 1918. 

Exjierimeni IV. Two pots were sowm with jute on 13th March, 1918, and 
four young plants were infected from an agai culture of D. Gorchori on 22nd April, 
1918. The pot was kept under a large bell jar ; another pot sown at the same tune, 
but not infected, was also kept imder a bell jar. The plants in both infected and 
control pots lost their leaves, from being kept under a bell jar, in five days. The 
infections did not take. 

Experiment V. Five plants, so\vn in a pot on 12th March, 1918, were infected 
with a yoimg, 48 hour old, agar culture of D. CorcJiori on 2nd May, 1918. Four 
of the plants were infected at a leaf base and one on the stem. AH the infect- 
ed plants, and an equal number of uninfected plants were kept under bell jars. 
All the mfected leaves wilted and fell off by 7th May, 1918, and in one case a black 
stain commenced to spread from an infected leaf base up the stem and a micros- 
copic examination showed that Biplodia hyphse were present. No stem damage 
was observed in the other case, and by 13th May, 1918, the plants, both infected 
and control, had become unhealthy from being kept under a beU jar. No definite 
conclusion as to whether the fungus could infect young jute stems could be drawn 
from these last two experiments. 

Experiment VI. Two plants sown in a pot on 12th March, 1918, were infected 
from an agar culture, 48 hours old, of D. Ccn'chori on 27th May, 1918. The length 
of stem witlmi which the infection was done was enclosed in a glass lamp chmmey, 
the ends of wdiich were plugged with cotton wmol. After 24 hours a brown stain 
was distinctly visible at the seat of each infection, and by 31st May the discolora- 
tion had spread and one plant was nearly ringed ; in both plants the leaves were yel- 
lowing and falling. Both plants were ringed by a black band by 3rd June, and 
pycnidia and spores were clearly visible on the surface of the diseased 
tissues. One of the plants was completely wilted and dead by 6th June, and an 
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examination a week later showed that Diplodia hyphoe had travelled tli, rough the 
cortex and reached the wood ; cortex and phloem were practically destroyed all 
round the stem for a stretch of several inches. The other plant r('.iuaiii(Ml green 
and healthy in its upper part, despite the fact that it also was (H)nipl(d-,ely Titig(Ml by 
the fungus at the seat of infection. An examination of the diseased section oi 
the stein showed that the plant had reacted against the parasite and had formed 
new vascular tissue to one side of, and external to, the old tissue. 

Experiment YU. Two plants, sown in a pot on T2th March, 1918, were 
infected from a young agar culture of D. Carchori on 3rd June, 1918. One plant 
was infected on the stem surface and the other at hhe base of an axillary shoot ; 
both infections were jacketed with lamp chimneys. A brown stain appeared at 
the seat of infection in 24 hours, and on 7th June had spread u}> and down and 
round the stems with the production of pycnidia. One plant died a few days later 
but the second survived with the formation of fresh vascular tissue as in the last 
experiment. Controls remained healthy. 

Experiment VI 11. Three plants, sown in a pot on 12th March, 1918, were 
infected from a young agar culture of D. Gorcliori on 7th Jime, 1918 ; all the infec- 
tions were carried out on the uninjured stem surface and were jacketed with lamp 
chimneys. After 24 hours all infections had taken and a brown vstain was spread- 
ing over about | inch of the stem at the seat of infection. Two of the infections 
were removed for microscopic work and the third was left standing, its glass jacket 
being removed on 10th June, 1918. This plant died with typical .symj)tonis of 
Diploclia disease during the next week. A charaoteristio of the diseased stems 
in all inoculations, and one which has also been observed in the field, is the longi- 
tudinal splitting of the diseased bark by which the surface of the wood is laid 
bare. In some oases there appears to be an actual separation of the constituents 
of the bast fibre, and it may be inferred, that the fungus has an action upon the 
tissues which is possibly analogous to that which takes place during retting. 
Controls remained healthy, 

Expewmnt IX. Two plants, sown in a pot, on 12th March, 1918, were 
infected on 8th June, 1918, from a young culture of B. Corchori. These infections 
were made at 7 p.m. and were jacketed with lamp chinmeys in the usual way. At 
7 a.m. on 9tli June, 1918, after 12 hours, the infections had taken and a small 
brown stain was spreading on the stem surface. Both these stems were removed, 
and the tissues fixed in chrome-acetic, for microscopic examination. 

Experiment X. Four plants in pot culture, sown on 12th March, 1918, were 
infected on 25th July, 1918. These plants were about 6 feet high and 1 inch 
thick at the base of the stem ; the infections were jacketed with lamp chiimiey. 
hTone of the infections took, Small brown stains at the point of infection occurred 
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ill two plants but they did not spread, andtbe plants remained living and healtby. 
This experiment took place during a period of relatively high temperature. 

All the above inoculations (Experiments IV~X) were made from a series of 
agar cultures which had originated from a spore infection on agai’ in Decemberj 
1917. The possibility of the fungus declining in the virulence of its capacity to 
infect the living jute stem owing to prolonged growth in artificial culture could 
not be lost sight of, and a finther series of infections from a fresh isolation of the 
fungus was carried out. The fungus was re-isolated from spores during a visit to, 
Dacca in August, 1918, and infected upon living jute plants in the held. The 
inoculations were carried out on a small plot which was sown with jute on 5th 
March, 1918, and'the plants subsequently thinned out to a distance of 18". This 
crop grew very well and attained a height of about 14 feet ; at the time of these 
experiments it was just over flowering period. 

Experiment XL Infected five plants on 9th September, 1918, as 
follows : — 

(1) A stem received a small tangential wound about 4 feet above ground 
level and was infected on the wound and the infection bound up with cloth. 
After 48 hours a brown stain was spreadiiig from the seat of infection and 
pycnidia were produced and the j)lant ringed on 14th September, 1918. The 
plant wilted and died on 15th September, 1918. 

(2) A stem was infected on a small tangential woimd about 4 feet from the 
ground level, but the infection was not bound up and was left exposed to the air. 
The plant was killed by 17th September, 1918. 

(3) Two stems were infected, each at the base of a small lateral shoot about 
4 feet above ground, level, and the infections bound up with cloth. One plant 
died on 17th September, 1918, but the other never became completely ringed 
and survived. 

(4) One plant was infected at the base of a lateral shoot but the infection 
was not covered with cloth and remained exposed to the air. The infection 
spread with the usual symptoms but the plant was not completely ringed and 
did not die until 18th October. The plants killed in this experiment are shown 
in PI. V, fig., 1. 

Experiment XI L Infected four plants on 11th September, 1918, as 
follows : — . 

(1) Two stems infected on tangential wounds and infections covered with 
cloth. Both these plants died— -one on 19th Sej)tember, 1918, and the other on 
25th -September, 1918. 

(2) One stem infected on the stem surface and the infected section enclosed 
in a lamp chimney. This plant died on 25th September, 1918. 
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(3) One stem infected on a lateral shoot and enclosed in a. glass lamp 
chimnef. This infection took but did not ring the stem ; the plant r(‘iiiain<id 
healthy. 

Ex/perimmt XIII. Infected five plants at the base of lateral shoots, aiwl 
covered infections with cloth on 20th September, 1918. Four infections took — one 
plant was dead on 28th September, 1918, and three other plants died between 18th 
October, 1918, and28tli October, 1918, In thisexperimentoutof five infections 
only one resulted in rapid death of the host. This result should be compared, with 
the weather at the time of the infections (PI. VIII) ; the influence of liiimidity and 
temperature upon the success or failure of inoculations is considered below with 
reference to some of the inoculations during 1919. 

The following experiments were carried out in 1919. 

Experiment XI V. In this experiment the inoculations were all done upon 
plants in pot culture. In each case the infection was carried out by placing a small 
piece of an actively growing agar culture of D. Corchorioii the living stem and 
jacketing this section of the stem with a glass lamp chimney. The plants were 
grown from seed sown on 6th March, 1919. 

(а) Two plants of green G. capsularis, two plants of red C, capsularin and two 
of red G. oUtorius were infected on 27th June, 1919, at 10 a.ni. The infecti(jns 
took upon the kakya bombai producing a typical brown stain after 48 hours 
and ringing the stems by 10th July, 1919. Neither the red capsularis nf)r the 
olitorius was injured. 

(б) Two plants of red G. capsularis and two of red G. olitorius were infected 
on 12th July, 1919, at 10 a.m. The infections upon red capsularis produced a 
brown stain on the stem in 48 hours ; the progress of the inoculations was 
exactly the same as on green capsularis. No result was obtained on red G, 
olitorius. 

(c) Two plants of green C. capsularis, two of red G. capsularis and two of red 
C. olitorius were infected on Ibth July, 1919, at 10 a.m. In each case one plant 
was infected upon the uninjured stem surface and the other in the axil of a small 
lateral shoot. All infections upon green and red capsularis took at once and 
one plant of each variety was dead by 22nd July (PI. VI, fig. 1). In the case of 
the infections upon (7. that in the axil of a lateral shoot set up a typical 

rot but did not succeed in ringing the stem and killing the plant. 

Under the conditions of this experiment, therefore, the red 0, oUtorm 
seemed less easy to infect than either green or red 0. capsularis. 

Experiment XV. In this experiment the plants inoculated were growing in 
the field from seed sown on 6th March ; the infections were carried out upon the 
naked stem surface, and were not jacketed in any way. 
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(a) Three plants of green G. capsulam were infected at 10 a.m. on 15th July 
in the axils of lateral shoots ; two others were infected in a similar situation 
after inaldng a small tangential cut on the stem surface and one was infected in a 
small cut at the base of the stem. All the wound infections and one of the 
infections upon the uninjured stem took and produced a brown rot at the seat 
of infection within 24 hours. These plants all died from 7-14 days after infection 
(PI. V, fig, 2). In the remaining two infections on uninjured stems the inoculum 
v/as lost, probably washed away by rain, in the 24 hours succeeding the 
inoculation. 

(5) Six plants of red Q. ca'psulcuris and six plants of red C. olitorius were 
infected on 7th August at 11 a.m.; three plants of each variety were wounded. 
All wound infections took, with the usual symptoms of “ black band,” but in 
the case of the infections upon uninjured stems the inoculum in each case dried 
up and failed to infect the stem. The three wounded plants of red capsulans 
and one plant of red olitorius died 12 days after inoculation. In the remaining 
two wound infections on red olitorius the infection produced a black stain 
running up and down the stem, but did not succeed in ringing and killing the 
plant. 

(c) Three plants of red G. capsularis and three plants of red G, olitorius were 
infected on the uninjured stem surface on 13th August at 10 a.m. The stem, at 
the seat of infection, was lightly covered with a small piece of cloth tied above 
and below the inoculum. Two of the infections upon red capsularis and one upon 
red olitorius succeeded in producing the typical discoloration on the stem but the 
plants were not ringed and did not succuhib to the disease. 

In this experiment, therefore, infections in the field were much less successful 
upon red C. capsularis and red C. olitorius than upon green G. capsularis. Under 
the conditions prevailing at the time of the moculations the two red-stemmed 
varieties seemed less susceptible than the green-stemmed. 

Experim&M XVI. All the infections in this experiment were carried out on 
uninjured stems of green G. capsularis in the field ; each infection was covered 
with a small strip of thin white cloth. Controls with sterile agar were set up 
in each case. 

(a) On 23rd August at 11 a.m. 22 plants were infected. „ In only five cases 
were there any signs of the infection taldng and only one plant died. 

(h) On 28th August at 6 p.m. 12 plants were infected. All these infections 
took and 8 plants died. The first plant wilted on 4th September and 8 plants were 
dead by 26th September, when the experiment was closed. 

(c) On 14th September at’ll a.m. 12 plants were infected. Nine plants were 
killed by the fungus, during the next three or four weeks. 
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(d) On ].8tii Sejiteniber at 4-30 23.m. IT plants were mfectecl. Six pLints were 
killed by tlie fungus. 

In this exjieriment. therefore, there were marked diiTerences in the resiiHw 
with, a scries of identical infections. The controls remained liealtliy 
tliroughout. 

Ex/perment XVIL On 14th Sejitember at 11 a.m. twelve jdants of red- 
stemmed C. were infected. The uxfections were carried out upon the 

uninjured stem and were covered with small strips of cloth as in tlie previous 
experiment. Ten infections took, producing the typical “ black band ” on the 
stem. The experiment was closed before the jjlants were killed by the fungus, 

Expermimit XVIII. All infections in this exjieriment were carried out on 
late sown plants of green capsidaris ; the jiflants were grown in pot cultures from 
seed sown on 20th June. . 

(a) Three plants, each about 12" high, were infected on 23rd July at 10 a.m. 
All infections were jacketed with lamp chimneys, and three controls, consisting of 
iJanta witli a minute jiiece of sterile agar on the stem, were also jacketed. On 
27th July one of the infected iDlants was dead , the remaining jilants, both inoculated 
and controls, remained liealthy. 

(&) This experiment was a repetition of the last ; the mfections were made on 
7 h August at 11 a.m. Of three irlants infected one was killed by 4th August 
— ^the remaining infections did not take. ■ 

(c) On 2r)th July at 10 a.m. twelve plants were infected ; these plant-s were 
not jacketed with lamp chimneys and the pots were standing in the open air on a 
verandah. One plant was killed by the fungus, the remaming 11 plants were not 
affected, the inoculum drying up. 

(d) On 10th August at 10 a.m. these eleven j)lants were again infected. Six 
of the infected plants were Idlled by the 14th August and three more died by 23rd 
August (PI, VI, fig. 2). 

Factors in the Incidence of the Disease. 

Evidence has clearly shown that D. CorchoriliSiB been widely diffused in Bihar, 
Bengal and Assam for many years jrast ; therefore in the .season 1917, when the 
disease was bad, there must have been .some factors favourable to the aj^pearance 
of ‘‘ black band,” wliich were not acting in 1918 or 191 9, when the incidences f)f the 
disease was much less severe. 

The analysis of tlie factors wliich i^roduee any epidemic i.s a task' of grciif. 
difficulty, since of the numerous causes to be evaluated each has to he con.sidered 
in relation to both jiarasite and host. Thus a disease may increase in virulence 
owing to some change in, the host which renders it a more favourable medium for 
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the growth of the parasite or to a condition directly favouring the development 
of the parasite ; or both these factors may operate at once. 

In dealing with a fungal disease one of the first factors to be considered is the 
variation between .the climates of different years. It has already been mentioned 
that the disease develops most severely upon the mature plant, the crucial months 
being usually August and September. The principal features of the climate in these 
months in 1917, 1918, and 1919 are shown on Plates VII, VIII, and IX from which 
it appears that these months in 1917 in Bihar were generally more humid and 
cooler than the corresponding periods in 1918 and 1919. These two factors of 
temperature and humidity probably affected both parasite and host ; the weather 
of 191.7 being in respect of its higher humidity more favourable to the fungus and 
delaying the ripening of the crop, thus giving the parasite more time to act. Such a 
correlation between humidity and disease is by no means imcommon. Thus the 
determining factor in the incidence of wheat rust in certain parts of India appears 
to be the atmospheric humidity during the early months of the year,^ 

The influence of climate on the incidence of “ black band ” disease was further 
emphasized by a study of the weather conditions during the inoculation experi- 
ments of 1919. In certain cases (Experiments XVa and XVI6, o, d) the percentage 
of successful infections was high, while in others (Experiment XVIa) the inocula- 
tions were a failure. It is suggested, by a comparison of the dates on which 
infections ^ere made with the conditions of temperature and humidity prevailing at 
the time (PI. IX), that the successful inoculations were those which coincided with 
a relatively high humidity, and that inoculations which failed were those carried 
out during a period of lower humidity and higher temperature. All these infec- 
tions were carried out on “ kalcya bombai ” in the field, and for a complete investi- 
gation of the influence of climate on infection a detailed record of humidity and 
temperature actually recorded in the jute field during a series of infections is 
required. It is not possible to give these data at present but Plates X and XI 
show a complete record for these conditions during Experiments XVI«, h and 
XVIIIc, obtained from a hygrometer working in a laboratory within a short 
distance of the site of the experiments. A more numerous series of observations 
is needed to establish the relations between humidity and temperature, and the 
success or failure of inoculations. It may be recalled, however, that in certain 
cases the limits of humidity within which infections can occur have been proved 
to be relatively narrow. Thus it is stated ^ that infections of wheat with 
Puccinia graminis tritici do not succeed below a humidity of 95 per cent, at a 

^Butler, E. J. “Eungi and Disease in Plants.” Thacker, Spink & Co., Calcutta, 1918, 

p. no. 

2 Lauritzen, J. L. “ Relations of Temperature and Humidity to InJectioji by certain Fungi.” 
Phytopaihology, Vol. IX, Jan., 1919. 
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(fl) Oil I Stli September at 4-30 p.m. 11 plants were infected. Six plants were 
killed by the fungus. 

Ill this experiment, therefore, there were marked dilferences in the resultis 
with u scries of identical infections. The controls remained healthy 
throughout. 

Experiment XVII. On 14th September at 11 a.m. twelve jdants of rod- 
stemmed C'. olitonus were infected. The infections were carried out upon the 
uninjured stem and were covered with small strips of cloth as in the previous 
experiment. Ten infections took, producing the typical “ black band on the 
stem. The experiment was closed before the plants were Icilled by the fungus. 

Experiment XVIII, All infections in this experiment were carried out on 
late sown plants of green capsuhms ; the plants were grown in }.)ot cultures from 
seed sown on 20th. June. . 

(ft) Three plants, each about 12" high, were infected on 23rd July at 10 a.m. 
All infections were jacketed with lamp chimneys, and three controls, consisting of 
plants with a minute piece of sterile agar on the stem, were also jaciveted. On 
27th July one of the infected plants was dead, the remaining plants, both inoculated 
and controls, remained healthy. 

{h) This experiment was a repetition of the last ; the infections were made on 
7 h August at 11 a.m. Of three plants infected one was killed by 4th August 
— ^the remaining infections did not take, 

(c) On 26th July at 10 a.m. twelve plants were infected ; these plants were 
not jacketed with lamp cliimneys and the pots were standing in the open air on a 
verandah. One plant was killed by the fungus, the remaining 11 plants were not 
affected, the inoculum drying up. 

(d) On 10th August at 10 a.m. these eleven plants were again infected. Six 
of the ittfeeted plants were lolled by the 14th August and three more died by 23rd 
August (PI, VI, fig. 2). 

Factors in the Incidence of the Disease. 

Evidence has clearly shown that D. Corchori has been widely diffused in Bihar, 
Bengal and Assam for many years past ; therefore in the season 1917, when the 
disease was bad, there must have been some factors favourable to the appearance 
of black band,” which were not acting in 1918 or 191 9, when the incidence of the 
disease was much less severe. 

The analysis of the factors wliich produce any epidemic is a task of great 
difficulty, since of the numerous causes to be evaluated each has to be considered 
in relation to both parasite and host. Thus a disease may increase in virulence 
owing to some cliange in the host which renders it a more favourable medium for 
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the growth, of the parasite or to a condition directly favouring the development 
of the parasite ; or both these factors may operate at once. 

In dealing with a fungal disease one of the first factors to be considered is the 
variation between .the climates of different years. It has already beeti mentioned 
that tlie disease develops most severely upon the mature plant, the crucial months 
being usually August and September. The principal features of the climate in th ese 
months in 1917, 1918, and 1919 are shown on Plates VII, VIII, and IX from which 
it appears that these months in 1917 in Bihar were generally more humid and 
cooler than the corresponding periods in 1918 and 1919. These two factors of 
temperature and humidity probably affected both parasite and host ; the weather 
of 1917 being in resjDect of its higher humidity more favourable to the fungus and 
delaying the ripening of the crop, thus giving the parasite more time to act. Such a 
correlation between humidity and disease is by no means uncommon. Thus the 
determining factor in the incidence of wheat rust in certain parts of India appears 
to be the atmospheric humidity during the early months of the year.^ 

The influence of climate on the incidence of “ black band ” disease was further 
emphasized by a study of the weather conditions during the inoculation experi- 
ments of 1919. In certain cases (Experiments XVc/ andXVI6, c, d) the percentage 
of successful infections was high, while in others (Experiment XVIa) the inocula- 
tions were a failure. It is suggested, by a comparison of the dates on which 
infections ;were made with the conditions of temperature and humidity prevailing at 
the time (PI. IX), that the successful inoculations were those which coincided with 
a relatively high humidity, and that inoculations which failed were those carried 
out during a period of lower humidity and higher temperature. All these infec- 
tions were carried out on “ kakya bombai ” in the field, and for a complete investi- 
gation of the influence of climate on infection a detailed record of humidity and 
temperature actually recorded in the jute field during a series of infections is 
required. It is not possible to give these data at present but Plates X and XI 
show a complete record for these conditions during Experiments XVIa, h and 
XVIIIo, d, obtained from a hygrometer working in a laboratory within a short 
distance of the site of the experiments. A more numerous series of observations 
is needed to establish the relations between humidity and temperature, and the 
success or failure of inoculations. It may be recalled, however, that in certain 
cases the limits of humidity within which infections can occur have been proved 
to be relatively narrow. Thus it is stated ^ that infections of wheat with 
Puccinia graminis trifdci da not BXLCcmdi'belQvr a humidity of 95 per cent, at a 

^Butler, E, J. “ Fungi and Disease in Plants.” Thacker, Spink & Oo., Calcutta, 1918. 

p. no. ' 

® Lauritzen, J. L. “ Relations of Temperature and Humidity to Infection by certain Fun"i.” 
Phytopaihology, Vol. IX, Jan., 1919. 
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temperature of GS^F., and that the range of infection of bean (PhaHColm vulgans) 
with. CoUetotnchwn Li)id(miitMmium et Magn.) Biv. & (Jav. lies l.)etwecn 
92 per cent, and 100 per cent, at a temperature of 68 °F. In the case oL buclc 
wheat {Fagopijrum esculentum Mcench.) with Asochyta Fagopyni)ii tlie range 
of infection at 77 °F. lies between 90 per cent, and 100 per cent. 

The fact that late sown jute, and generally the smaller stems, escape tlie 
disease has been frequently mentioned and suggests a method of raising a clean seed 
crop. Of the cause of this relative immunity in late sown jute little can be said 
at present ; that the immunity of late sown jute is not absolute is shown by the 
successful infections in Experiment XVIII. It is noteworthy that when from some 
local richness of soil late sown plants attain a large size they are frequently 
attacked by the disease. This suggests that the relative immunity of smaller si en is 
may perhaps bo due to some anatomical difference in the exlernal layers w'hich 
renders the smaller stems less liable to penetration by the germ tube of tlie fungus, 
or more probably that the development of a large stem is connected wii-h some 
physiological condition which renders it a more favourable medium for the iiamsite. 
Other cases in which the host plant is more susceptible to the attack of a parasite 
when in the mature condition are not imlmown. The susceptibility of' shafted 
{Triftliim fesupinatum) to the attack of Polgthrmcium. Trijolii in tlie Peshawar 
District being a case within the writer’s experience. Chemical investigations axe 
in progress on the composition of jute stems from late and early sown crops but 
are not, at present, sufficiently advanced to admit of any discussion. There i,s a 
suggestion, in the results obtained up to date, that the stems of late sown jute are 
richer in soda (Na 20 ) and sulphuric acid (SO 4 ) than those of the early sown crop. 

Field Experiments. 

During the process of tlu’eshing out jute seed it was obvious that a large 
number of spores of D, C&rchori would become mixed with the seed and .might serve 
to disseminate the disease in the next season’s crop. Microscopic examination of 
samples of jute seed from a badly diseased crop showed the presence of Biplodia 
spores among the seed ; the fact, however, that D. Gorclmi was already present 
in the jute-growing districts suggested that the presence of spores mingled with 
the seed would not prove a very potent factor in increasing the amount of disease. 
As, however, the Bihar seed crop was to be distributed throughout the jiile.-gi'owing 
districts of Bengal in small packets, it w'^as considered advisable to disinfect the seed, 
pending the results of experiments designed to show whether sci'd disiuff'ci ion had 
any influence in lessening the incidence of the parasite. Experiments sliowod iFat 
jute seed could be steeped for 10 minutes in a 2 per cent, solution of copper sulphate 
and thoroughly dried without injury to germination, and that this treatment would 
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inhibit the gei-uiination of the spores of D. Corchori In 1918, and in 1919, therefore, 
the wliole of the jute seed crop of Bihar was dismfected in this inamiei' behjre 
dtvspaicii to Bengal, and in these years the experiments detailed below were carried 
out ill Pusa and the vicinity to test whether this treaBnent had any effect on the 
incidence of the disease. 

In 1918 the following field experiments were made : — 

Plots A and B. Two plots, each about ^^^y^th of an acre, were sown on 
5th March with jute seed (“ kakya bombai ”) obtained from the diseased Pusa crop of 
1917. This seed had not been treated by steeping hi copper sulphate solution, 
but the land had not been under jute for over 20 years and no other jute was in 
the vicinity. One plot (A) was thinned out to a distance of 18" between plants, 
the other plot (B) was not thinned. Both plots gave a good crop. In the crop 
which had been thimied out the plants reached a height of 14 feet and a thickness 
of 1-14 inches, but in the crop which was not thinned the plants only reached a 
height of 8 feet and the stems were much thinner. The plots were kept under obser- 
vation thi'oiighout the season, and were cut and harvested on 5th November ; 
the Di,plod'ia disease was practically absent, only some half dozen infected plants 
occurring in each plot. 

Plots (J and D. These were a repetition of the two previous plots, Plot C 
being thinned out, and gave the same result. 

Prom these experimentB in which disease-free soil was sown with untreated 
seed, and in which the disease failed to appear to any appreciable extent, it 
may be inferred that the spread of the disease through spores mingled 
seed is not very serious. ^ c 

Plots E ami F. Two plots, each about -|th acre, were sown wi 
jute seed (" kakya bombai ”) on 1st March. The plots were situated ill 
of the field in which jute luul been grown, during the previous season ai^ 
the disease had been particularly bad. Unfortmiately owing to deficiency of 
moisture during March and April, the seed did not germinate and the plots had 
to be resown at the end of April. Germination when it did take place was 
late and the cro]) in size and appearance resembled the ordinary late sown 
crop. Owing also to irregularity in germination in both, plots the plants 
were fairly wide!}’' separated and the original intention of thinning out one 
plot was useless. Both these plots showed more Diplodia disease than the 
previous plots. Thus Plot E had 67 plants infected with Diplodia and Plot F 
had 54 plants infected with Biplodia. 

In this experiment, therefore, a crop, which was virtually a late sown 
cr<.)p grown from treated seed, developed the disease when grown in land 
which had carried diseased jute during the previous season. 
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Plot G. This plot, about |th, acre, was situated outside Piisa in land wliieh 
had not been under jute for many years and. which had no utlier near it. 
The crop was grown from treated seed {“ kakya bombai ”) sown on 1, 1. tli Abur h. 
The plot was about ^ acre in size and germination was at iirst uneven owing 
to deficiency of moisture. The crop did not reach a good lieight but was 
fairly thick in the stem ; one end suffered considerably from (looding. Tlierc 
were about 60 cases of Di^lodici, in this crop. 

In 1919 a further series of field experiments was made. 

Phis A and C', These plots were sown with seed of “ kakya bombai 
about 6th March, the former with treated and the latter with untreated seed. 
2), Corchori was practically absent in both these plots, only some 3 or 4 cases 
could be seen. A crop of Corehorus olitorius in Plot B and one of red-stemmed 
G. cajmilaris in Plot D also remained free from the disease. 

Phis E and F. These two plots from last season’s experiment were 
again sown with jute of the variety “kakya bombai,” the seed used had 
been steeped in a solution of copper sulphate, and this land had beennnder jute 
since 1917.' In 1919, therefore, germination was very scanty. Both plots 
were resown on 4th July, after the commencement of the rains, and gave a 
crop of typical late sown jute, short in height and thin in stem. In both 'plots 
the number of stems infected with D. Corclm'i was negligible, only 
about 12 cases could be found when the crop was cut early in November^ 
Thus in these plots the disease was less in 1919 than in the previous 
season. 

Plots E and K. About |rd of each plot was sown on 6th Alarcli with a 
red-stemmed variety of Corehorus capsularis and the remainder with “ kakya 
bombai.” These plots were situated in the land which had carried the 
diseased jute in 1918, Both the varieties of seed sown had been steeped in 
2 per cent, copper .sulphate. Plot H carried a very scanty crop and had 31 
cases of 2). Corchori among the “ kakya bombai ” stems and only 6 cases in 
the red -stemmed variety. In plot K the crop was much tliicker, both 
germination and growth having been better than in plot H. In Plot K there 
were 190 cases of D, Corchori among the “kakya bombai ” stems and 34 
cases in the red-steinraed variety. 

In botli these plot.s, allowing for the larger proportion sown with “ kakya 
bombai,” the red-stemmed variety .snfiexed less than the green-stemmed. Thi.s 
result agrees with the result from infeetions upon red and gi'ceu-.stoniim'd 
varieties of jute {see 'Exp. XV), but at the same time it must not be lost sight 
of that the disea.se can infect red-stemmed jute in the field as i.s sliown by the 
record at Dacca in 1919, 


P. j. P, SHAW 


55 





i 


Plots M and N. These plots, each about |^th acre, were selected in good 
li^ncl which had never carried jute before. Plot M was sown on 5th March 
with seed of “ kakya bombai ’’ which had been treated by steeping in copper 
sulphate solution, and Plot N was sown on the same date with seed which had 
not been so treated. Both plots gave an excellent crop of jute 9-'ll feet in 
height. In both plots nearly the same number of stems were diseased owing 
to D. Corchori — 76 stems in Plot M and 56 in Plot N". 


As a result of these field experiments, -particularly from a consideration of 
Plots M and N in 1919, it cannot be said that seed steeping in a solution of 
copper sulpliate has any influence on the severity of the disease, and, therefore, 
as mentioned above, the dissemination of the disease cannot take place to 
any appreciable extent through spores of D. Oorchori mingled with the jute 
seed. The percentage of disease was also not to any extent greater in those 
plots which had been under jute for two or more successive seasons. 


Conclusions. 

The present investigation has shown that— - 

(1) Diplodia Corchori Syd. is a parasite of the jute plant. 

(2) The disease occurs after flowering and threatens the seed crop. 

(3) The fungus is widely distributed in jute-growing districts. 

(4) The intensity of the disease varies greatly from one season to 
another. 

(5) The disease is most severe on large, well-grown stems, and infection 
takes place more readily upon green-stemmed than upon red-stemmed 
varieties. 

Further research is required to show the precise mode of infection, the 
limits of teinx^erature and humidity under which infection will take place, and 
the qualities which render the late sown crop resistant to the disease. Direct 
treatment against a disease such as this is scarcely possible in the case of the 
jute crop, and we must look to an increased knowledge of the factors which 
condition success in the life of the parasite, and to the possibility of modifying 
these factors by alterations in the culture of the host, for the effective control 
of this disease. 

Any disease which threatens the jute plant might, in view of the impor- 
tance of this crop in the economic life of Bengal, become a factor of grave 
agricultural importance. It is a matter of congratulation that the crop is 
generally fj:ee from fungal disease and that the parasite, which forms the 


'i 


\ 


■I 



56 


DTPLODIA fJOBCHORI SYT). 


subject of tlie present paper, is not a source of danger 1-,o the fibre crop. Anot her 
st(un rot of tlie jute plant is cauBed hy a firngus, wliiclilias been iileiil iCu'd' 
in -Tapan as Mav.rophonui OorchoriP' Saw. This fungus occurs in India,’' 
where its de])red,ations are not confined to the jixte crop, and will fonn mat, ter 
for ca later communication. 

bTCarioyofihi Sawada. “Preliminary Report of a now Stem Rot Disease of Jute eaused 
by Macropliumii Corrhori yaw. sp. nov.” BiiU. 107 Agrie, Expt. Sta. ■For 7 nosii, 11)1(3. 

Mycologia, Vol. XI, No. 2, March, 1919, p. 82. 

^ Scientific M&ports of the Agi'imltuml Besearch InMitufe, Pusa, 1918-19, -p. 71, 


LIST OF ILLUSTRATIONS. 


Plate I, Fig. 1. A jute plant (G. showing the eoinmencement 

of an infection, x 1/12. ' . 

„ 2. The same, x 3/2. 

,, 3. A stem covered with pyonidia in the final stages of 

the disease, x 3/2. 

Plate II. Fig, 1. Microphotograph of a section of the cortex of a 
diseased stem showing three pycnidia of D. Oorchori. 
X 90. 

„ 2. Pyonidium of D. Oorchori. x 600. 

Plate III. Fig. 1. Germinating spores of D. Oorchori. x 500. 

„ 2. Section of cortex showing a hypha of D. Oorchori 

setting up disintegration in the cells. From the 
inoculation described on page 43. x 600. 

Plate IV. Fig. 1. Section of the cortex showing an early stage in an 
infection. The diseased tissue is visible between' the 
marks X X and is confined to the outer layers of the 
cortex. X 90. 

„ 2. A section of epidermis and cortex showing a hypha 

penetrating an epidermal cell, x 600. 

Plate V. Fig. 1. Photograph showing three jute plants (G. cajpsulmis, 
variety “ kakya bombai ”) dead as the result of 
inoculation with D. Oorchori. 

,,, 2. Three plants of “ kakya bombai.” The left hand 

plant healthy. Centre plant wtinilg as the result of 
inoculation at the place on stem opposite the pointer. 
Bight hand plant inoculated at the base of the lateral 
shoot, opposite pointer. This lateral shoot is dead, 
the main stem is not yet completely ringed and 
remains healthy. 



fctST OJ’ ILLUSTRATION.^ 


Plate VI. Fig. 1. Inlection.si upon two plants of reel-stemmed 0* 
mpsularis. Right hand plant wilting. 

„ 2. Five plants of late sown jute (0. capsularis, “ kalcya 

hombai ”). Four plants, marked by strips of wliite 
cloth tied on stem, are dead a.s tlie rcisult of infection 
with JD. Gorchori. The fifth plant, not infected, 
is healthy. 

Plates VII, VIIl, IX. Temperature and 8 a.m, humidity curves of July, 
August, September, 1917, 1918, 1919. 

Plates X, XI. Curves of Immidity and temperature during periods of 
Experiments XV1« & & and XVllI c & d. 
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AOROTHECIUM PENNI 8 ETI N. SP. 

(A NEW DISEASE OF PENN18BWM TYPHOIDEV M ) 


MANORANJAN MITRA, M.Sc., 

First Assistant to the Imperial Mycologist. 

I Reoeivod for publication on 2ad June, 1920,] 

1. Introduction. 

Pemwef.um tjjphoideum Rich. (Yem. Bajra) is a tall, erect grass of African 
origin The total area under it in India is about 13,320,250 acres, yielding 
2,197,420 tons of gram. In the order of importance it takes the fourth position 
among the cereals, following rice, wheat and S.rglmm} It is very commonly 
cultivated m North-West, Central and Southern India, as a cereal food and 
also for fodder. In the Bombay Presidency the area occupied by it is consi- 
derably over 4 imllion acres, and in many p.arts it forms the staple food of the 
peop e.^ t IS generally sown in June, and the crop ripens in September. In Sind 
anclRajputana. it is tlie most important Marijorop. In Madras and the Pimiab 
lb IS grown to a very great extent and is used both as a staple food and fodder. ’ 
The number of fungus diseases hitherb© reported as attacking this crop in 
India IS not large : Sderospora grammicola (Sacc.) Schroet., Puccmia Pemmeti 
^nmm., Toh/posjmrum Pemcillarm Brel being the chief. 2 

A parasitic species of Acmlliecium is very common on Bajra at Pusa, which 
oooura every year and seems to cause considerable damage. It has never been 
recorded before, though its presence is noticed on diseased ears occasionally 
sent to Pusa from outside. Thus the fungus was found on oars .sent to the 
mporial Mycologist by the .Siiperintendeat, Government Fami, Alihia 
(Bombay), in 1919* ■ ^ 

The genus Amvthmum is a Deiiteroiuyoete belonging to the group Dema- 
tiacom, Phragmosporm. The cliiel characteristic of this genus is that the 
^ Agrl Statistics of India, 1918 -m, Vol 1. 

» Butler, E. •‘Em.gi M,d Disease in PiMts, IMS. pn. 218 -m 

« to be y,. 
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conidiophoro is simple, erect, and of dark colour, and beaiNS a group of two to 
many-celled, dark-coloured conidia at its tip. 

There are several species of Acrotheeium recently found at ihisa on Viirions 
hosts, viz., Jowar {Sonjhimi vulgare), maize {Zea M<ij/s), rice {Oripa satina), 
and wild grasses such, as Androj)ogori and Panicuni., and all tliesc lia\a‘ i)een 
brouglit into culture and are under investigation. 

2. The diseas-E : Its desobiption. 

At Pusa, the organism appears* on leaves, leaf-sheaths, and on ears. Shice 
it is most oominon on the leaves, the disease may be called ‘‘ leaf spot or leaf 
blight of ky’m.” 

{a) Afpeamme on the lemes. In the beginning the infected leaves show 
small yellowish-brown spots which gradually spread more in the longitudinal 
direction and become oval or oblong. The centre of the spot soon changes to 
a dirty browm colour, around which the margin remains yellow. Sometimes the 
spots coalesce and form irregular patches. They are most frequent towards the 
edge of the leaf, and in cases where they are situated near each other they soon 
run together, Unite and form a big spot, killing the tissue along the margin 
of the leaf and gradually extending towards the midrib. Frequently both 
margins are infected and the whole leaf is gradually Iciiled. The spots occur 
on the miclrib also, especially on those of young leaves and, in severe eases, 
even on the leaf-sheaths. Very often the infection begins from the ti]) of 
drooping leaves and goes on increasing and extending towards the base, either 
along the margin or along the midi-ib or both together. The infected portion 
of the leaf becomes brittle with age. The disease begins from the lower 
leaves, then gradually spreads and attacks the upper leaves. In the lower 
leaves the infection begins from the tip of the drooping leaves which either 
touch the soil or are very near to it. 

From the ob.sorvatioii, made at Pusa in 1919, it has been found that the 
disease makes its appearance in June on tlie lower half-dead Icsives of young 
plants, but is associated with many other saprophytic organisms, Witlj the 
increase of rainfall in July, it becomes more and more prominent and is found 
on the lower leavers of a large niunber of plants. In August and September it is 
also found on the upper leaves. Towards the middle of September (in 1919), 
almost all hajm plants were found to be more or less affected. The spread of 
the disease is facilitated by the moisture which the tip and margin of tlic leaves 
retain during the monsoon on account of their being a little up-turned (Plate 1, 
figs. T and 2). 

(b) Appearance on the ea,rs. Not only leaves and leaf-sheaths but the ears 
also are attacked by this fungus (Plate I, fig. 3). 'I’he glumes and palee of the 
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b^rs show the presence of this fungus. The mfection begins from the tb of 
the floret and gradually the whole spikelet gets infected. From the first 
scattered in eeted spikelefa the attack spreads to those in the neighbourhood 
and lu a badly infected ear very few normal grains are formed. When once the 
eat ,s weakened by the disease, other fungi also make their appearance 4n 
. mfeo ed flower shows a tuft of black mould at its tip, and inside mycelium is 
bund in the ovary and anthers. Hate I, % 3 , shows an ear which was 
iiioculafced. in a few places. , 

3. The ECONOMIC IMPORTANCE. 

The organism appears to cause oonsidemble damage to the leaves and ears 
of hyra. and affects the growth and production of sound and healthy orains 
It hinders the as.similation of carbon dio.^ide by the leaves and thus the lint is 
staived to .some extent. Further information as to the amount of damage it 
does to the crop m years when the attack is severe is required. 

4. The morphology op the PHitaDs on the host. 

MuceUmn. The mycelium consists of septate hyaline hvph® which 
ramify in the tissues of the host. It is olive brown in colour where conidio- 
p lores arc given off. It is both intra and inter-cellular, and is found in all 
parts of the diseased tissues, even in the .cells of the endoclermis, sclerenchyina 
and ve.ssels, Haustoria are not present. 

Conmophores (Plate II, figs. 1 and 2) are present in greater number in the 
oen ral dead portion of the spot and they gradually get lesser and lesser towards 
the margin. They come out from the stomata of the leaf blade and midrib. 
They are amphigeuous, solitary, fasciculate, rigid, erect, straight or slightly' 
nodulose or bent ; simple and 3-5 septate. Barely they are forked near the tip 
(i late II, fig. 2a}. In colour they are olive brown to dirty brown with paler 
tips which are either swollen or flexuous. The base sometimes is also swollen 
ihey measure 68*4—164 ^ long and 5*8— 8*7 fi broad. 

Comdta (Plate II, fig. 3) are clavate, pear-shaped, or elongated, straight 
or slightly bent, thick-waUed, 2-3 septate, light olive-brown to dirty brown 
in colour, end cells lightly coloined and middle one broader and darker. They 
are constricted at the septa and are borne at the tip of the conidiophore in 
groups of 2—5. Very rarely conidia on the sides of the conidiophore below 
the tip are noticed. They measure 26— 41'8/t x 12'5— 20fi. 

5. Cultures. 

^ Pure cultures were obtained several times from typical leaf spots by 
® ® isolations from pouted plates. The spores germinate freely 
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111 glucose agar and can be picked up and transferred to eniture 
■tubas. ■ 



(c/) Gmm-mtmt. of mmdm and growth of fimgiis in diMilled wiila- Tho 
spnm readily germinate in distilled water. Fresh .spores begin to gim out 
germ tubes after one or two hours from placing in water (Plate I I, lig. 3« ; im<l 
I ate in, figs. 6—10). Germ tubes protrude either from one end or fi-oin both. 

le tube IS swoUen at the ba.se. hyaline and sparingly septate in tho beginning. 
Sometimes two germ tubes come out from two points in one extremity 
(I late II fig. 6) or a single germ tube which at once bifurcates. The hyph» 
elongate, branch and anastomose, and form a net-work of mycelium u4ch 
only sometimes produces spores in water. These spores are smaller in .size than 
those produced in culture tubes. .In hanging drop cultures either a Terr few 
or none at all germinate. Probably this has something to do with the s™pl,. 
0 oxygen. Frequently no spore formation takes place in closed culture tubes. 

t when a little of the culture is placed on a slide with a drop of distilled watm 
and IS meubated, a free production of conidiophores and conidia re.sults. This is 
X)io la j y c lie to a combination of free supply of oxygen and moisture together 
m a lesser amount of food. Sometimes, instead of the formation of conidia 
the tip of the comdiopliore grows out into a hypha (Plate II, fig. 7). 

(h) Mm-phologg of Ihe fungus in culture. In ordinary nutrient glucose 
agar t le ungus grows profusely. In the beginning the aerial mycelium is iiale 
but It gradually changes to light pink and then to greyish brown. With the 
increased growth of the fungus the medium turns dark brown. The submerged 
anc cieepmg liyphas are hyaline to liglifc greyish brown in colour. The 
m.Ycelmm is .septate with cells up to 7-B g. in diameter, and goes on branohing 
and anastomosing and producing a large number of conidiophores at right 
angles to the main hyphte or at their tips (P’ate II, figs. 4_0). 

, couidiophorffl are deeper in colour but in diameter generally thew are 

o^tl / tI* as formed in culture from those alre.ady described 

generally bear 2—5 conidia. at their tips (Plats U, figs. 4—6) 

?nr:.iTr 1 -n “ ■> >-g-- 

Lvelop “d thi^ Fojeetion appears, this soon increases in size; septa 

and so on, till a group of 2—5 is formed. 

on th!.”’r’'‘l^er I'do'V the tip 

n the sides of the coiiidiophore, and often the conidiophore, after producing 

l-<luees another 

whde the first group either remains adherent or gradually gets detachocl. (n 
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the latter case the conidiophores. are quite long, and are ainmlarlv hr^nr i 
nodulose at tie point where there has been a formation of conidia^ This for 
matron of secondary sets of couidia takes place in old cultures , ^10 ' 

. at lesser extent m erdtures that are dken out of rr o ruV r u:::,' 

lyp^ ^ the end of a 

whih t " V /• ^ thstmguished from other hvph® by its colour 

which turns distinctly deeper from a particular septum. “ 

J.he characteristics of couidia have already been described hnf 
pn^uced m culture are sUghtly smaller in size than those fourrd in the fleW 

(Plate fJJ, fig, fi) ’*** sometunes museptate ones are formed 



Lia. 


The fonnation of chlamydospores takes place in most of the cultures 
he te Is of a hypha swell up singly or sometimes in a long line, become sphercll 
or o™l m shape, later on become tbick-walled and, as th: culture gefo ^ 
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turn brown or greyish brown in colom*. These chlainyclospores eii.Jior remain 
united in a cliaiii or separate, and often germinate to give rise to new liyplun 
(Plate m, figs, j— 

(c) Growth of fmujus on different culture media. A comparative study of tlui 
growth of the fungus has been made on 20 different culture media.. Two 
tubes of each medium were inoculated on the same day and all these tubes were 
kept at the room temperature which was between 20 and 23‘^C. Media of 
known reaction were employed and the reaction of each is indicated witli the 
cultural description. All the media used were acid in reaction, ranging from 
+ 2 to -j- 9 Fuller’s scale. The composition of the media is given at the end 
in the Appendix (p. 72), 

The fungus can grow well on most media trieef, but does best on, potato 
juice agar, wheat broth agar, nutrient glucose agar and T’rench-bean agar. 
In all of these gi-owtli was profuse and the mycelium spread even on to the 
walls of the tubes. Conidia were formed in large number except on French- 
bean agar, on wliieli only a few spores were observed. Of the above four 
media, potato juice agar and wheat broth agar were the best, both as regards 
the growth and production of spores. Besides these a fair growth was also 
found on the other jneal agars described below. The growth was poor on 
glycerine agar, cellulose agar and on corn leaf juice agar. Oetails of tlie growdh 
on all the media are given below. 

1. Potato juice agar (-|-6 Fuller’s scale). The growth is best on thig 

medium. Woolly aerial mycelium fills three-quarters of f)he tube 
' in a few'- days and spreads on the walls. The colour in the 

beginning is light grey, but later on it changes to dark grey. 
There is a slight tinge of pink present on the sides where the 
medium and the tube meet. In six days the growth is very 
])rofiise and the tube is quite, full ; the mycelium becomes darker 
and the medium gradually turns yellowish in colour. Tlie 
creeping hyphsB are subhyaline and in older cultures they becoiue 
olive brown. They are up to 7‘S/* in diameter. Thick- walled 
dark brown chlamydosijores are also formed. Spore foimation is 
very free and sometimes, in the older cultures, the conidia 
develop below the tip of the conidiophores. They measure 
15 — 20/a X 10 — 12‘5/a. 

2. Thaxters hard 2 )otato agar (~f~6 Fuller’s scale), (frowlli pf)or at first 

but later on fairly good. The medium boconics slightly yellowdsh 
near the margin in the beginning and then turns darker gradually. 
. : - Aerial growth is moderate, dark olive grey in colour. T'lie 

appearance of the growth is somewhat like that on nutrient 
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glucose agar, but less luxuriant, Conidia numerous, sometimes 
on tlic sides of tbe conidiopbores, 22 ‘5—30/^ X 12'5 — 16 ‘2/^111 
diameter. Clilamydospores are also formed. 

Wheat broth agar. Growth jirofuse, nearly as good as No, 1. Tlie 
medium in the beginning is slightly pink in colour along the 
margin, but the main portion is grey. After a few days, the 
marginal pinkish colour turns slightly yellow and the main portion 
darkens. Aerial mycelium is produced in a sufficiently large 
amount and almost fills the tube. Hypha? subhyaline to greyish 
brown and up to Tjn in diameter. Spore formation copious and 
begins when the culture is only two days old. , Conidia 2— 5 at the 
tip of conidiophore, but often only one and occasionally up to 8 are 
noticed. Secondary sets of conidia are also frequently formed. 
They measure 25 — 35ju x 12’6—15/a. 

Wheat meal agar (+2 Fuller’s scale). The growth of the fungus is 
crowded or compact. First the medium gets pink towards the 
margin, then gradually changes into light greenish grey. This 
colour predominates for some time in the whole medium and 
then, as the culture ages, it changes into dark yellow. Hyphse 
subhyaline to dark grey and up to 7‘6/a in diameter. Spore 
formation fair and conidia 25 — 32‘5/a x 12’6—15/a in diameter. 

French-bean agar {-f 8 Fuller’s scale). A good growth with abundant 
aerial mycelium almost fiilling the tube within 7 or 8 days. The 
medium is first grey, then dark in colour. Hyphse remain either 
sterile or very few spores are formed, but there is a great develop- 
ment of chlamydospores. The conidia are 27’5/a long and 15/>t- 
broad. 

Nutrient glucose agar (-f-6 Fuller’s scale). . Copious woolly aerial 
growth. Aerial hyphse greyish brown in colour. The medium in 
the beginning becomes light pink and this later on turns into dark 
brown. Aerial hyphae after some days change into olive browm. 
Spore formation begins when the culture is 3 or 4 days old and 
conidia are formed in large numbers. They measure 26 — 37 ’S/a x 
12 ’6 — 20/a. Besides this formation of spores, chlamydospores of 
a dirty brown colour are produced in fairly large numbers. 

nice meal agar {-{-i Fuller’s scale). The growth is fair and slightly 
pink in colour as in the last medium. With age, the hyphse 
become darker in colour. The margin of the medium changes to 
pinkish yellow. Spore formation poor. The conidia measure 
22’5—37’5/ax 10— 16’2u. 


64 


37 , 


ACROTHECTOM PEMSBTi 

«. Jmur nml agar (+2 Fnller's scale). GrowtJ, as ia 

ew days the medium becomes light yelimv iu colour, 
chlamydospores occiu-. Conidia am formed iu fairly 1,,,™ 

^ numbers. They measure 22— 37'6/txl3-.5-ir-i> “ 

J. Joimr k,,J juice agar. The growth is almost submerK,.,l. in, I iher,- is 
abundant spore formation. Conidiophorcs are often angularly 

btnt and nodulose. Theconidiameasure 17-y-3(>xI2'(u--lC,« 

10. ^«%-„u,«l„^,.(+3Mersscale). The growth is p„„,, 

typiaj me dark gray. The medium is dark yellow near the 
maigm. Abundant spore formation takes place and the conidia 

measure 25-32-B,»X12-6-I6-2/.. no coiuaia 

hcioee agar (+0 Fullerk scale). TJ.e growth is poor 
With age the red colour of the litmus ciianges info blue aud then 

darkens show„.gtl,attheinedinn.isbecon,ingalka^ 

l ew Chlamydospores are formed. Spore humation is and 
the conidia measure 22'r)^-32-Gftx 10— 

agar (+2 Puller’s scale). Growth i«‘ poor. Aerial myee 

pmk^ No chlamy,lo.spora formation. Conidium formation poor 
Comdia .measure 25— 3Cf4Xl2‘5— 35^ ^ ‘ , 

Oat rueal agar (+2 Fuller’s scale). Growth fair and crowded No 
chlamydospore formation. Spores form iu large numbers and 

meu.sure 22-n— ,S 2 - 0 xl 0 — fG- 2 y„ umuus ,md 

mgoer^e agar (+0 Fuller’s scale). Very poor g, myth The 

“ ™"‘ 

Celhlose agar (+9 Mler’s scale). Very poor an, I s„l 
gi’owth in this medium. For Urn lirst few d, ays 'ther e w “TiSll 
guowth and a few chlamydospores were produced. .Spora forma 

16. Starch agar {+4 Fuller's scale). The growth in tire beginning is 

with some submerged. The medium becomes dark grey. No 
< mydo, spore formation takes place. Conidia in bdrly l„r„e 

Iiumb6rsa.ndmcasure20— 3C/.X10— f6.2n. . “ 

^itniTw ”< 1 ? b'rowth is quite good and 

pink m the beguming. but later on it changes into dark grey. 
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19. 
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Tlie medium gradually turns yellow in colour. Spore formation 
copious as in wheat broth agar. In nieasiu'ement the coiiidia 

are 22-6— 32-.'i(*X 10— 15(1. 

Com leaf juice agar (+3 Mler’s scale). The growth is bad and 

almost entirely submerged. Very few spores are formed. 

Naegdu nutrient solution. Growth very poor. Very little 
aerial mycelium. 

Cohn’s nutrient solution. As in the above, here also growth is 

poor with very little aerial mycelium. 

From the study of the fungus in the above media it is found that some 
media are favourable for the formation of a large number of spores and some 
loi tlie formation of chlamydospores ; whUe some are good for both. A few 
media are imfavourable either for growth or formation of spores and cblamy- 
< ospoies. n some media spores are nearly of. the same size as those found on 
e loB. under held conditions and in some they are much smaller. The 
perto t stage of the fmigus does not occur on any of the above media, nor has it 
been loimcl on the host. 

(d) The effect of reaction of inedia. This experiment was run in duphoate 
ismg g uco.se agar. Twenty tubes were inociUated, two of each reaction, 
langing from — 15 to-f-30 Fuller’s scale.* 

Table I. 


Tube No 

• Keactioii 

Growth after 
12 days 

; Pemakks 

1 

~15 Puller’s 
scale 

Poor 

1 Growth poor but spore formation copious. 

“ 

~io 

Fair 

' beginning poor but after a few 

clays fair. Spore formation normal. 


~n 

Fan 

Growth was a little more than in —10. 


0 

Good 

Aerial gi-owth in sufficiently large amount. 

, 6 


Very good 

Aerial growth more than in 0. 

d 

+10 „ 

Very good 

Aerial gixiwth more than in 0. 

7 

+ 15 

Good 

The growth in the beginning was poor. 


+20 

Fai. 

Aerial growth little. 


+25' „ 

Poor 

No .spore formation. 

,10 

+30 „ 

Verypoo’ 

1 

In the beginning tliere was no urowtli 
No spore formation. 


■>' Media from +15 to +30 remained ia the liquid condition on account of too much acidity. 



and+lo F tf’ '*‘7 ® “"S“ig between +5 

+ 1 nUer s scaJe, but can withstand a conaidorable range oitlicr wa.y. 


6. Etiolosy op the disease. 


(ttjj'omal poof of piOrngenidiy of Acrothecium Pennimi n. si, Tliere |, 

• ^', P’“*® inoculated with pure cultmea give characteristic 

signs^of the disease. The penetration of the fungus was also noticed. 

lated^on h^dlf’T '7 "f 77 diseased spots and reinocu- 

ated on healthy plants and the disease was produced as before. Tl.e roisolated 

•'•<"—'1 -O—LSo. ...I .. 

iiinc 77*“*^* tnocuhtwiis. The following are the details of the 
inoculations made on leaves and ears of Pennisetum typlioUmm :- 


^7uci'w i'liltt »< Septemher 1010, 26 inoeuktions were uuale by 

tau« ahnost all tbo hai^-clLclrd After 24 

wllrrothcy hart l», hmciilated, and after 48 k 

was found timt the mycelium had non t J on rmcroscopio examination it 
cooidia etoled ro„rt„/::t al^O C Conidiophoree and 

in size and were like tlmsekMtlll^urA'r’ gradually increased 


■ ' ^ side'' with spoL”mid\n^’olinmTo^^ "" on either 

the shoot was covered with a boll iar A already doscrihed. ami 

fta,rlrav™rh„wrrtsig„:„fh7cta^^ .hokopE On the fonrU, day 

on lilt, sixth day; two more ihc sovlth 7^7’ 

lu the beginning the mfcctedsnn<.h.7 f^ remammg on the eighth day. 
brown and ultimately dirty brown ' AlUh! t gradually turned j'ollowish 

days after infection'i.onic ioj: ^ began LTom “Tt/" 

on leaves (either side) and in eighl hereon Peaces 

experinKmtoneloaftLkthrilclm^ ^ »«««•« 

More .showed infection. On the sixth dav the 

infected, showing the characLsS svm J loaves were also found to be 

made on spikelots of ihc ears were sueee^ssful''nmi?r ^ inoculations 

--.PW began to appear e.. ^ t 

two monthB old) wi 
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a young culture. The plant was covered with a bell jar. There was also a 
control. In 24 hours 7 leaves showed sign of infection and the spots inoculated 
showed penetration of hyphse. After 48 hours three more were Infected and two 
of the former spots had increased in size. On the fourth day infection took place on 
the remaining leaves and eonidiophores began to appear four days later. The 

control showed no sign of disease.. 

Experiment 5. (26-9-19.) Three shoots with ears were placed in small flasks 

containing water. Nine inoculations on leaves and nine on the sjukelets were made. 

Tlmec shoots with ears were kept as controls. All inoculations on leaves and ears 
\yere successful on the third day. The spots on the leaves increased very much in 
size and those on the ears also increased and infected the neighbouring 
spikelets. There. was no sign of disease either on leaves or on the ears of the 
controls. 

Experiment 0. (26-9-19.) Ten inoculations on either side of the leaves and leaf-sheaths 
of two healthy young plants were made ; spores only being used and the .spot.s 
•• inoculated were covered ^vith sterile cotton wool. The plants were placed outside 
in rain. A control was also kept. Six leaves took the infeetion in 24 hours and 
the remaining in 48 hours. The control remained healthy. 

Experiment 7. (26-9-19.) Twelve leaves of two healthy full-grown plants were 
inoculated and kept in the same way as Experiment No. 6. A control was also kept. 

•Four inoculations were successful in 24 hour.s, two on the third day and the rest on 
the fifth day. The control was without any sign of the disease. 

E-xperiment 8. (11-10-19.) Twelve inoculations were made on four ears (3 on each) 

and the ears were covered with bell jars, A control was kept. After 48 hours a 
woolly growtl) appeared iu the places inoculated and this went on increasing and 
infecting the neighbouring spikelets. Within ten days all the four ears^ere 
completely covered with aerial growth. The hyphae penetrated the glumes and palae, 
and in moat cases even the ovary. The control was free. 

Experiment 9. (21-10-19.) Three ears were inoculated as above and a control was 

also kept. The result was as in the above experiment. 

Experiment 10. (25-10-19.) Three ears were inoculated in 9 places and the inoculated 
spikelets were covered with sterile moist cotton wool. After three days the cotton 
wool was removed and the spikelets were found to have turned brown in colour and 

on examination showed the presence of hyijhse inside them. The control that was 

kept showed no evident sign of tlie disease. 

Experiment 11 . (28-10-19.) Seventeen leaves and five ears of six healthy shoots were 

inoculated and the spots covered with sterile cotton wool. All except the control 
got infected in a week. 

Experiment 12. (28-10-19.) Five leaves and tlmee ears of a gvovm. up plant were 
inoculated and the inoculated spots covered with sterile moist cotton wool. All 
inoculations on leaves and ears were so successful as to produce the characteristics of 
the disease. The control kept was satisfactory. 

(c) Results of inoculations. Altogether 106 inoeulationy on leaves (both 
sides) and leaf-sheaths, together with <10 on ears, were made, and all were 
successful The results of the above experiments prove beyond doubt the 
parasitic nature of Acrotlieckm Penniseli on Pennisetum typkoideum. 




AOEOl'HECIXjM I'E^NlSEi'i 



Table II 

Sumtta-i'ij of results of inoculations on Penniselwm tyjjhoidetim. 


No. of I 

oxperi- i Date 
meat i 


Where 

inoculated 


Number 
of inocu- 
lations 


Number 

infected 


Leave-s removed and kept 
in a moist chamber. 


Leaves on a shoot. 


Leaves and ears on two 
lioalthy shoots. 


Leaves on a plant. 

Three shoots with oans. 
Two young plant.H. 

Two mature plants. 

Four ears. 


Leaves 


Leave.s 

Control 

Leaves 

Ears 

Control 

Leaves 

Control 

Leaves 

Ears 

Controls 

Loave.s 

Control 

Leaves 

Control 

Ears 


Beginning of 
Beptember 
I 1919. 

i 16-9-19 
I 16-9-19 

I ■■ 

18-9-19 

26-9-19 

j 26-9-19 
26-9-19 

11-10-19 
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7. RkI^ATION OF PARASITE TO HOST. 

Ihe exainniatioii of inoculated leaves shows that infection can take place 
either through a, stoma or through any epidermal cell on either side of the leaf. 

{a) Infection, tkrouqli a stojna. The hypha near a stoma gives out a narrow 
tube whicli after passing through it again swells up and resumes its usual ske. 
It spreads a little in the sub-stoinatal space and then passes on to other cells 
mate IV, fig. 1). 

(6) Infection, hy piercing the epidermis. The infection can take place from 
any cell of the epidermis but is more common from the thin-wailed motor cells 

(Plate IV, figs. 2-4). The hypha either directly penetrates the epidermis or 

under the cuticle parallel to the outer wall of the epidermis to some extent and 
then goes down either into an epidermal cell or between the side walls of' two 
cells to cells deeper in. Sometimes when it is passing between the side walls of 
two cells, It sends a branch into one of them. Sometimes after inoculation the 
hyphge are found in large amoimt imder the cuticle but none in the colls below 
Generally, before entering, the hypha coming in contact with the cuticle swells 
up and gives out a narrow tube which after penetrating the epidermis again 
swells up. Frequently the hypha presses down the cuticle of an epidermal cell 
to effect an entrance. After entering it may branch and fill the epidermal cell 
with a mass of mycelium or may directly penetrate deeply into the tissue of the 
leaf by passing from cell to cell and ramifying both in the thin-walled parenchy- 
matous and the sclerenchymatous cells, and later may enter the vascular 
bundles. ■ 

It is both Ultra and inter-cellular. Haustoria are not found. In passino- 
from cell to cell the hypha gives out a narrow tube which pierces the wall and on 
entering tlie opposite cell again resumes its former thickness. The fungus can 
invade neiv areas by passing along the vessels of the xylem (Plate IV, fig.'fi) It 
cannot penetrate the midrib directly, but generally infection takes place from 
hyi)lia3 passing in through the motor cells just on either side of it. The intra- 
and inter-cellular hyplise are very clearly seen in the midrib region, and here 
sometimes tliey spread more through the inter-cellular spaces which are found 
at the angles of two or more cells (Pi. IV, fig. 5) than through the cells. Fre- 
quently the fungus forms stromatie masses in the epidermal cells on both sides 
of the leaf, sometimes in quantity sufficient to ruptiiie the cuticle In 
sclerenchymatous cells and in the vascular bundles hyphge often swell up to 

such an extent so as to fill the cavity. ^ 

Tte ftmgas kills tke cells in advance of its giowth, and penetration oi tire 
dead ceUs is evidently easier than of the living, since in the central dead portion 
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of the Spot livpbse are found abundantly, but they are almost absent in the 
cells around the central dead portion. 

• '■ After three or four days front infection conidiophores stai't coming oid'. in 

clusters on both sides of the leaf through the stomata from a. mass of inycclimn 
lying in the siib-stomaial space. They even come out from the stomata ou the 
midrib. AVhen after inoculations infection is very v.;gorous they coiiic out 
from the stromatic masses in the epidermal cells. It may be recalled here that 
in field conditions they always come out from the stomata. 

8. Cboss inoculation experiments. 

In order to find out udiether this fungus can attack otlier hosts which have 
been also found infected by species of Acrotliecimn, inoculations were made on 
A mlro'pogon Sorghum and 7jen Mays. 

Leaves and ears of Androfogon Sorghum, were inoculated with the hajra 
fungus, but no infection took place. 

A large number of inoculations were made t)n tlie leaves and male infiores- 
cence of Zea Mays, and it was observed that the bajra. fungus can infect the 
male inflorescence, but has no elieet on the leaves. 

A. lunaf/um, Wakker, which is found on Andropogo7i Sorghum leaves and 
male inflorescences of Zea Ma.ys at Pusa, can infe(it to some extent, under 
laboratory conditions, the young leaves of JPennisetimh typhoideimi. 


9. Diagnosis. ' i 

The following is the diagnosis ; — 

Acrotheemm Penniseti n. sp. Spots amphigenous on leaves and glumes ; 
in size generally 2—5 cm. long and 0*5 —1 cm. broad ; dirty brown with 
yellowish margin. On the leaves more common along the edge and tip, and 
sometimes on the other parts including the midrib. 

Pertile hyphae rigid, erect, simple, 3 — 5 septate, straight or slightly bent ; 
fasciculate or solitary ; tip swollen or flexuous ; olive brown to dirty brown 
with paler tips; base sometimes vswollen. They are C8‘4 — 145*4 /i long and 
7*6— 8*7/x broad. 

Conidia borne acrogeiioiisly on the conidiophore, forming a ginup of 2 — 5 
spores ; clavate, pear-shaped or slightly bent, thick-walliHi, 2-3 se-ptate, some- 
times constricted at the septa ; olive brown to dirty brown ; 30*4 — 41 *8/x long 
and 17*1 — 20g broad. End cells lighter in colour ; middle cell broader and 
deeper in colour, * 

On leaves and ears of Pennisetuni typlioideum in India, 
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10. Summary. 

1. Tliere are several species of Acrothecium. laiowii on various grasses, 
but none has hitherto been reported on Pemvisetimi typhoidemn, and the present 
species does not agree with any of those previously described. It is a new 
disease caused by Acrothecium Penniseti n. sp. 

2. It is found on ears, leaves and leaf-sheaths, and forms dirty brown 
spots with yellow margin. 

3. Conidiophores arise in clusters through the stomata and spores are 
borne apically in fascicles of 2 — 5. 

4. Infection can take place either through a stoma or by directly piercing 
an epidermal cell. 

5. The fungus is cultivable on most artificial media but gives the highest 
development on wheat broth agar, potato juice agar, nutrient glucose agar, 
and on French-bean agar. 

6. In culture secondary sets of conidia are formed either below the tip on 
the sides of conidiophore or above by the elongation of the latter. 

7. In some media chlamydospoies of a dirty brown colour are formed. 

8. The growth is best on media having the reaction between -f-5 to-f-lO 
Fuller’s scale but the fungus can withstand a wide range of reaction. 

9. The parasitism of the fungus has been proved beyond doubt by 
numerous inoculations on leaves and ears. 

10. The m 3 melium is both intra and inter-cellular and is found in all 
parts of the infected leaf. 

11. Cross inoculations on male inflorescence of maize were successful 
while those on Sorghum gave negative results. 


To Dr. E. J. Butler, Imperial Mycologist, under wliose direction this 
work has been carried out, is due ni}'' grateful acknowledgment for his able 
advice and criticism. 
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1. Glucose meat-extract agar. 



1 Peptone . . . . 

, . PO grm. 


Sodium chloride . . 

. . 0’5 grm. 

A 

Meat extract . . 

0-6 ,grm. 


Glucose . . 

.. 4-0 grm. 


(.Water .. 

. . 100-0 c.c. 

B 

I Agar agar .. . . 

2.4 grm. 

\ Water . . 

.. 100-Oo.c. 

. Glycerine agar. 


It was 

prepared by adding 10 c.c. of pure glycerine to the above medium 

in place of glucose. 

Litmus lactose agar. 

It was prepared by adding 2 grm. of c.p. 

lactose and 4 c.c. of blue litmus 

solution to medium No. 1 in place of glucose. 

Starch agar. 

To 400 c.c. of hot water 5 grin, of pure 

starch were added and boiled f or 

two hours. When a starch solution 

of 250 c.c. was obtained, it was 

added to 250 c.c. of the following nutrient solution. 

, 

Potassium phosphate 

1 grm. 


Magnesium sulphate . . 

. . ‘ 1 grm. 

Ai 

Sodium chloride . . 

1 grm. 

1 

Ammonium sulphate . . 

. . 2 grm. 

< 

Water . . . . . . 

. . 100 c.c. 

«( 

Calcium carbonate 

1 grm. 

Water 

. . 900 c.c. 

A. and B were mixed. > • . 



Starch solution 

. . 2o0 o.e. 


Nutrient solution 

. . 250 c.c. 


Agar . . . . . . 

. . 6 grm. 

Dextrose agar. 



Dextrose . . 

.. 2 grm. 


Agar 

3 grm. 


Water . . . . 

.. lOOc. 0 . 


Nutrient solution as for starch agar 

100 C.O. 
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6. Oeliuiose agar. 

Water .. .. 100 c.c. 

Cellulose ( Pure ) .. . . .. 1 grm. 

Nutrient solution as for starch agar . . 100 c.c. 

Agar . . . . . . . . 2 grm. 


7. Potato juice agar. 

75 grammes of potato tvere cooked in a water bath, for half an hour and the 
juice was filtered in a fine cloth, and to it was added 5 grammes of agar 
and sufficient water to make the whole 250 c.c. 

Thaxter’s hard potato agar. 

125 grammes of sliced potato were cooked for half an hour in 500 c.c. of water. 
It was filtered in a fine cloth, and water was added to restore the original 
volume. To this was added 10 grammes of glucose and 15 grammes 
of agar and boiled for two hours, cleared, filtered and autoclaved. 

9. Jowar {Andropofjon Sorghmi) agar. 

One ounce oijoioar seeds were powdered and noiled in 150 c.c. of water for two 
hours. The boiled mixture was filtered in a wire gauze strainer and 
to it 7'5 grin, of agar added and sufficient water to make the total 
500 c.c. 

10. Oat meal agar. 

16 grammes of quaker oat meal were mixed in 200 c.c. of water and boiled. 
•Filtered, in clotli, squeezed out the content and to it 2 grammes of agar 
added. 

11. French-bean agar (60-10-500). 

60 grammes of powdered French-bean were boiled in water for one hour, 
filtered with wire gauze strainer and 10 grammes of agar added and 
water sufficient to make the total 500 c.c. 

12. Corn meal agar. 

13. Wheat meal agar. 

14. Rice meal agar. 

16. Barley meal agar. 

All these were prepared as French-bean agar. 

16. Jowar leaf juice agar (30-3-200). 

30 grammes of leaves of were boiled for one hour in a 

water cooker. Filtered in a cloth and to it 3 grammes of agar added 
and water enough to make it to 200 c.c. 

17. Maize leaf agar. 

It was prepared as the above medium, only, in place of pwa/r leaves, Zea 
Mays leaves were used. 
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18. Wheat brotiiRgar. 

Agar . . 

Wheat flour 
Magnesium sulphate 
Potaasium nitrate . 
Glucose . . 

Water 


1‘2 gm. 
150*0 grm. 
0’6 gnu. 
1*0 gwa. 
6*0 grm. 
1000-0 «.o. 


JFiltered and sterilized on three consecutive days at 100®0. 
19. Naegeli’s nutrient solution. 


Calcium chloride . ^ 
Magnesium Bulphate., 
BipotasBium phosphate 
Ammonium tarteate 
Distilled water 


. . 0*1 gwn. 
. . 0*2 grm. 
. . I'O grm. 
.. 10*0 grm. 
1000*0 0.0. 


" Colin's nutrient solution. 


Distilled water 
Acid potassium phosphate 
Magneeium sulphate 
Neutral ammonium tartrate 
Potassium chloride . . 


1000*0 0 . 0 . 

. 6 0 grm. 

. . 6*0 grm. 
. 10*0 grm. 
0*5 grm. 
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KXFI.ANATION Of n^ATA lj. 



t. fouidiopL ,)(•€.» from tm min-Mi] loai {a) C'omdtopKoi 

• . ;P>3.'W1 ■ hhi:'~ Mp (xlBO). 

а. Sjiorey Uunj tin ioaf. (a) Qvnnination of a spore after one and 

a iiaif hours froiu pkeing in distilled water (X'i'oO). 

‘1. A portioj). of wyceliwm from a culture, witli conidiophores and conidia. 
il/. titenleportisns of l,h*‘ niyecliiini. (f.) A conidiupbojv bearing 2 spores 
at its ti}>, one of pdiieh is shown detached, («;) A tiwiidiophore formed 
at the end of a h vpha l>earing 5 spores at its tip, 3 t;f which are shown 
detached (x4,9()), 

>3. OerKhnation of 2 spores (s) which arc still attached to the tip of a conidio- 
pJioro (e), (s) A sj)ore which has begun to germinate, from the end by 
which it was attached (cdture} (x490). 

б, A comdiopfiore (c) bearing 4 sportis and formed at the end of a hy^jha M 

(culture) (x 730). 

7. A couidiophore which has gerniiuatial on the surface of a leaf placed is 
a moist chamber (X750). 



,u HO 


) 'i'>j!?(>b i5 nj iBi<>ii 'jd: r.l'nl H;JtuxknHlutu> f 
• (41) ,U-jf xtj 4 ruo-j^ wnoikioifuifi-) Ir.nl'JXX'i'^b yM-! 

.(OfiTx) (ji.i' %uoit ha>l’U>l 

hm mxo Si \o nojJiJtujf(Tf>},') (») b'ji-WjjH n?s lumi 

X''>ji}V(' hai}irbi> m iiuvj] ^UJOti « 

.xalflifo*) b)UJ jjjjw ,o-u;i(i}7 ^ iu^xl muibis'Xin lij h 

fsdj'oqa k' fmjffijoibkto-j A (n) ajwifeovxii tJxlJ 1<> iio{fj<>q >\f, 

fa©xu'joi stoxiqoibixmu A (si) ^bf’Xibxs.bl) nvxofl« fei iloniw b mio ,qix m 




EXPLANATION OF PLATi^ III. 


fig. 1. Formation of cMamydospore (maturo.) in mitrieafc glucose agar (xTSO), 

„ 2. A liypha from glucose agar showing the beginning of the focmataon of 
chlainydospores (x750). 

„ 3. Same as above but a Httle more advanced stage is shown {X7b0). 

4. A portion of the mycelium from the same culture from which Figs. 2 & 3 
were drawn (X 750). 

0 5. Three conidiophores from a glucose cultures one of them is forked near 
the tip (X 750). 

]?igs. 6- — 10. Oeririinatioii of spores from a culture (X 750). 

Fig. II. Spores from a culture showing different forms and septation (X750). 
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.(OSTx) $ 80011 ig dti&hitwiT ni (fno^ara) $ioqaor>’^{fflfiW;> lo floiljaf{no’!f J „gsl 
io coiiiamTol: io gxdxinigad odJ- gaiwoxla ijjg* oaooxilg xfxoil; A .S „ 

isaToqBofwniJe^do 

fiwoda ai ogeda bsofx^vbfi a^ojcti aUd^il & tod »vt>iU} m\ amiiB .€ „ 

8 S .ggil ioidviT rnoti amiluo ojujbb axld nioal inwiJLooYjra adi Jo ooihoq A A 

,(OSTx) fiw^nb 0307/ 

ijsaii BailTOi ai mad^ Jo axio osoowig ^ juoiJ esrodqoibiooo ooniT .d ,, 

.(OSTx) qi1 sifiJ 

.(02Tx) aitidtoo & ^lotj aaaoqa Jo noitoiuanid) .01-- 3 .agil 
.(OdTx) noitoJqaa Jbojs sjoitoJ toaiafiib gniwoda aiudlx/u « moil fcOJoqB .li ,gil 







EXPLANATION OF PLATE IV, 

Fig, L Section of an inoowlated leaf shoiviag the peuetratioa of a bypka through 
a atoma (X?'SO), 

,5 2, Bectk'K of an hioouiated leaf showing .the , penetration through the cuticle 
directly into an epidermal cell (x 750). 

Figs, 3 & I. Sections of an inoculated leaf from different places showing the 
presence of hyphse under the cuticle after penetration and in some 
places forcing their way through the side wails of two epidermal 
cells into cells det^per in (x490). 

Fig, 5, Section of the midrib (upper side) of an infected leaf showing hyphse in 
the Infcer-^selMar spaces ( x 750). 

Longitudinal section of a leaf showing the presence of hyphsB in a reticulat® 
•feme! Ej, , and,' .in the. cells of the endodermis H ( X 490). 








CONTENTS 


Page 

I. General considerations . . . . . . . . 75 

11. Goghari cotton , . . . . . . . . . 

1. History of Go^j^an cotton .. .. ..81 

2. Characteristics of Goghari cotton . . . . . . 82 

3. Extent of admixture of Goghari with other cottons in Gujarat 86 

4. Has hybridization occurred among the various types of Gujarat 

herhaceum cottons ? . . ... . . . . 88 

5. What characters are hereditary in Goghari cotton . . 92 

6. Description of certain pure line strains of Goghari cotton . . 100 

7. Comparison of strains of Goghari cotton with pure-bred 

Broach deshi cotton .. .. .. ..116 

III. The ideal type op herhaceum cotton for Lower Gujarat . . 119 
Appendix. Certain morphological characters in Gossgpium herhaceum . . 124 





LIST OF PLATES 

Facing page 

I. A map showing the varieties of cottons grown in Crlijarat . . 75 

11. A map showing the area under cottons in acres and its percentage 

to total cultivated area . . . . . . . . 76 

in. The method of opening of the bolls of Goghari cotton (Bolls with 

Jcapas and empty bolls) . . . . . . . , 82 

IV. Results of pulling apart from one another the seeds of a boll of 

Broach deshi and of Goghari cotton . . . . . . 83 

V. The seeds of Broach deshi and Goghari cotton and types of bolls in 

Goghari cotton . . . . . . . . 84 

VI. Comparison of the habit of growth of strain B3 (tall) and E6 

( low ) of Goghari cotton . . . , . . . . 103 

VII and VIII. Branches of Broach deshi cotton to illustrate the 

aestivation of the primary and accessory sympodia . . 124 



STUDIES IN GUJARAT COTTONS, PART I. 


BY 

MAGANLAL L. PATEL, B.Aa., 

■Cotton Supervisor, Gujarat. 

[ Received for publication on the 3rd September, 1920. ] 

I. General considerations. 

Gujarat forms perhaps the most famous centre for Indian cotton 
growing. It has been renowned almost from the beginning of the Indian- 
cotton trade, and so long ago as 1790, the annual production of Gujarat, 
including Bhavnagar, was 33,712,000 lb. or over 42,000 bales of our present 
nmasure, of which 26,656,000 lb. or over 33,000 bales were exported. 
Since that time the cultivation and production of cotton have extended and 
Gujarat has become the home of two of the best known commercial types of 
Indian cotton, the Broach ” and the Dhollera,” and although, as we 
shall show, the cotton corresponding to these terms has varied very 
frequently and very largely, yet these names have for several generations 
mdmated some of the best types of cotton that India has been able to 
produce. It is not, however, our intention in the present place to mve a 
description of the history of Gujarat cottons and the types of pla'nt which 
have produced them at difierent periods, but it will be necessary to review 
what IS at present known of the varieties of cotton grown in different parts 
of the area, in order to make our studies of the individual types intelligible 
and clear. ° 

The cottons grown in Gujarat at the present time belong to three 
different species ^ Gossypium herbaceum, which is by far the most 
extensively grown and which may be considered to give its character to 
the area, Gossypium negleatum, pmhah\j a recent introduction, grown to a 
considerable extent only in one corner of the area, and Gossypium 
QbtusiJoUum, a perennial cotton grown sporadically over a large area of 
( 75 ) ■ I 
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Northern Gujarat, but the extent of whose cultivation is tcuiding to 
decline. A map showing the varieties of cottons is attached In'ivwit'h as 
Plate I. Plate II shows the area and tlie jiercinitage ol cotton area to 
tlie total cultivated area. 

The variet}^ of Gossijpium nhtusifolium, which is grown, as we ]ia\'e said, 
sporadically over a large part of the Kaira District and the northern 
portion of the Godhra Taliika in the 'Panchnrahals, is locally termed 
“Eozi” or ‘SJadia” cotton. This type has been often desi'rihed. 
Middleton’- in 1895 characterized it as follows and his description fairly 
represents its special features : — 

“This is a perennial, cultivated upon light soils in Northern Gujarat. 
A tall inuoh branched shrub, 6 to 8 feet high, it readily runs vvdld, and in 
hedgerows assumes a climbing habit. 

“ This cotton is cultivated as a mixture crop, one row Ixnng sown Ixd winm 
ten or twelve rows of some cereal. In the first season it yields lil.ilo or no 
cotton: in the hot weather it is cut down to one foot of the ground, in the 
second monsoon it grows luxuriantly and produces a full crop in (he following 
hot season. The cotton in subsequent years is of coarser quality than tliat 
of the second, and the plant is iisiially rooted out at the end of the third or 
fourth season, but it is occasionally allowed to grow for six or seven y (airs. 
When growing wild in hedgerows the cotton turns yellow, and veiy shoid in 
staple ; the fuzz at the same time becomes long. Rozi is markedly di He rent 
from the annual cottons and does imt seem to hybridize with them, it 
strongly resembles G-Wypjf'um arboreum, tlie chief dilference being a. yellow 
flower and the absence of the marked reddish tinge possessed by tins 
species,” 

As has already been stated, the cultivation of this cotton is declining. 
It produces a lint of fairly long staple, which is, however, very coarse, and 
is almost entirely used locally in Northern Gujarat. Its value is much 
decreased owing to the unripe condition in which it is usually picked. It 
has probably little or no future, and while it will continue to be grown, yet 
its cultivation hardly affects the larger interests of cotton growing in the 
proviiWiC'.., It occupies nearly 7,000 acres in the Kaira District. 

’ The type -of Gossypium negleeium, which has in recent years extended 
over the greater of Kathiawar, and especially of Bhavnagai-, is known 
as Mathio.’* J^i>fche British districts of Gujarat, it is found to any great 
extent only in|;|jfe western portions of the Dhandhiika Taliika and the 
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Goglia Petlia of the Ahmeclabad District. Its introduction seems to have 
been quite recent, and it has probably come from Kha.iidesh. Prior to the 
great famine of 1899-1900, it was, according to Middleton^, grown to a very 
limited extent in Bhavnagar, but its extensive adoption dates from about 
1900. This adoption seems to have resulted from the fact that it will 
grow with less rainfall and in lighter soils than the varieties of Gossyimmi 
herhaceum formerly produced, and because it ripens earlier and hence 
enables the cultivators to realize their crop and pay their land revenue 
without recourse to a money-lender. Its extension, however, in the first 
years was slow, and it is barely mentioned by Gammie in his description 
of Indian cottons published in 1905. Since that time, however, its cultiva- 
tion has increased enormously in Kathiawar, but it has been adopted only 
in the areas already mentioned in British Gujarat. Moreover, it does not 
show much sign of spreading further, as it is found that in the lighter soils 
of Northern Gujarat it has a tendency to ripen later, to decrease in ginning 
percentage and to yield less than herhaceum cottons under irrigation. The 
actual portion of British Gujarat which it occupies is shown in Plate II, 
where its area is 27,000 acres. It rarely occurs as a mixture in the field, 
except to a very small extent, with Wagad and Lalio cotton ( see below ). 

But by far the greater part of Gujarat is cultivated with various 
varieties of Gossi/pimn herhaceum, and it is to this species that its cottons 
owe their special reputation and character. The description of these 
varieties, their characters, and the areas they occupy, is, however, in 
considerable confusion, and nearly every authority seems to have adopted 
a different arrangement of them. We shall take as the basis of the 
following short account, the descriptions given by Gammie in 1903. He 
first divides the types of Gossypium herhaceum occurring in Gujarat into 
two groups as follows : — 

“ Section A. Bolls spherical, with broad valves, splitting so slightly 
when ripe that the cotton does not emerge. W agad or Wagadia and Sahalio, 
five to six feet in height, cotton copious, but rather coarse, staple |- inch. 
Bolls with a very short point, but occasionally narrowed into a long one, 
mostly three-celled, dimensions average one inch by one inch. 

“ Section B. Taller and more compact plants than in the first 
section ; bolls more distinctly trigonous, narrower and pointed. Valves 
of ripe boll strongly reflexed so that the cotton is pendulous : bracteoles 
not so distinctly spreading ; * . , , . 
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Bolls 1 J by I inch, cotton fine, adhering only slightly to 


" LaliOi Kamni. 
seed, staple f inch. 

“ Kimipta, Broach. Size and habit of Lalio, but more hairy, and some of 
ihe bolls rounder but smaller, 1| by | inch. 

‘‘ Goghari, similar in most respects to Wagadia, but the plants are more 
spreading and the bolls open out like those of Lalio. '' 

It is needless to follow the various modifications of the classification 
which have been given by different writers, but if we put together the essential 
facts as given by each of them, and combine them with our observations, 
We can indicate the following three clearly distinct types now cultivated in 
Gujarat : — 

1. Wagad ( Wagadia, Dhumadia, SaJcalio, Dahalio ) is a small branched 
bush, usually standing eighteen to thirty inches high, much less hairy than 
Broach deshi. The young stems, petioles, etc., are moderately tliiekly covered 
with simple hairs. Stellate hairs are large and numerous on the young lea ves, 
few on the older leaves, which are almost glabrous and have a shining oily 
appearance. Stems, branches and petioles are of a deeper red in the upper 
surfaces than with Broach deshi. Leaves three to five lobed, cordate, half 
segmented or less. Lobes ovate to broad ovate, constricted at the base ; the ' 
lobes of the leaves on the younger branches are broad, obtuse, leathery and 
not constiicted at the base. The spreading habit of the bracteoles is seen in 
all the annual cottons of Gujarat, but is most marked in Wagad, where they 
0 ten begin to spread when the flower is opening. Bolls are smooth, globose 

usually, but sometimes tapering, mostly three-celled, and do not opeSi fully 

when ripe so that they are forced open by hand when removing the 
kapas. The lint is dull, white and coarser than Broach desM mil about equal 
m s ap e 0 t e atter.* The seeds are rather large in size, oval in shape with 
a distinct hook at the tip, five to eight per cell and covered with fuzz. 

1 he primary fruiting branches are stronger in Wagad than in other types 
of herhaceum cotton while the axillary limbs develop later. Hence a larger 
proportion of the boUs are borne on the primary fruiting branches than in other 
Gujarat varieties. Wagadh the earliest flowering herhaceum but the flowering 

moisto'aanX^X^^^^^^ The plant requires less 

grown on slightly saltish land and its dis^XirSl^^^^ 
feature. In British Gujarat, it nearly occupies 248,000 acres. 

but vorvhT ' ^ ™ally three to four feet high 

but vaiying greatly m size according to the soil. The whole plant is 

*Most oUhe descriptbn iatakeiyfromM^^ 
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generally liairy, tiie young leaves and bracteoles pubescent, hairs stellate or 
three to four branched. The petioles, leaf ribs and peduncles villous, hairs 
simple, though a few stellate or branched hairs occur on the ribs. The leaves 
are very variable, cordate. The lower and larger leaves are fiv:;, six or 
sevni lobed, the upper leaves three to five lobed, half or less than half 
segmented. The middle lobe is ovate, acute, mucronate and constricted 
at the base. The stipules are persistent, linear, and those in peduncles 
markedly unequal, one of them oblique, secondary or tertiary ovate, 
trancate, toothed and the other lanceolate-acuminate. The bolls are not 
usually smooth, of all shapes, usually three-celled, seldom two or four- 
celled, and they open fully when ripe, the valves being highly recurved on 
the edges. The Imt adheres loosely to the seed, and is fine creamy-white, 
silky and of good staple. The seeds are smaller than in Wagad cotton and 
covered with whitish fuzz, usually six to seven per cell, seldom eight to 
ten. 

So far as the branching is concerned, the limbs are more developed than 
in Wagad, and the axillaries arise earlier and are more numerous than in the 
latter variety. The flowering characters vary very largely, but the flowers 
appear later than in Wagad though the flowering is over sooner. 

3. Goghari only differs from Broach deshi as regards the boll characters, 
and those of the seed and lint. These are described fully later as given by 
Middleton ( page 81 ) and as observed by me ( page 83 ). 

These three types are the only ones which can, we think, be distinguished 
among the herbaceum cottons of Gujarat. They will be found mixed and 
hybridized in every proportion in almost every part of the province, and it is 
comparatively rare, except in very restricted areas, to find any of them in a 
perfectly pure condition. The Wagad, however, can be found relatively pure 
in a tract lying to the extreme north-west of British Gujarat in the Ahmeda- 
bad District, and on the borders of Kathiawar. The best centres for gettng 
pure Wagad cotton are, perhaps, Viramgam and Bavla. Again the only centre 
where Broach deshi can now be found relatively pure is in certain parts of the 
Surat District in the extreme south of the cotton area of Gujarat. The best 
centres for getting pure types are Jalalpor, Vedchha and Bilimora. The 
third variety, the Goghari, is found in the purest condition in the northern part 
of the Broach District, in the Jambusar Taluka. All the rest of Gujarat 
grows a mixture of types, and this is sometimes called Kahanmi or Kanm.) 
sometimes Broach, sometimes Lalio, sometimes Amli, while there are dozens 
of other local na mes . Its charact ers vary with the extent of the mixture and 
of the constituents . Until recently ' roaoh deshi decidedly predominated 
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6 verywlujTBj but in tli6 lust fsw yours thG extent of tlie mixture wifcli 
(rogliari has generally increased. The Indian Cotton Committee record the 
following proportions in the mixture in different areas ; — 


District 

* Percenta^ge luixtun 

of 

Ahmebabad 

Wagad 

Broach desM 

Goghari 

(1 ) Dliollera 

( Lalio ) 

10*7 

89-3 


('2) Do. 

( Wagad ) 

90-0 

10-0 


( 3 ) Sanand 

( Lalio ) 

2*7 

97-3 


{ 4 ) Do. 

( Wagad ) 

87-0 

13-0 


( 5 ) Viramgam 

{ Deshi ) 

100-0 



( 8 ) Do. , 

{ Lalio ) 


41-7 

58-3 

Kaika 





( 7 ) Thasra 

( Kaliamni ) 


00-8 

14-2t 

( 8 ) Mehmaclabad Do. 


54-8 

45-2 

■ ( 9 ) Matar 

Do. 


52-2 

47-8 

PANOIIMAIIALS 




( 10 ) Kalol 

( Kahmmi ) 


48-0 


llBOAOn 




( il ) Auldeswar 

{jOe,~ihi) 


(;3-(> 

30-3 

( 12 ) Jambiisar 

{ Goghari ) 


7-9 

92-1 

{ 13 ) Broach 

( LesM ) 


62-4 

47-4 


In spite of this condition of hopeless mixture, the tJiroc types can bes 
traced throughout, and though liyhridized and reliybridi^snl agjiiji am! 
again the plant and produce can always be referred to one or otlier o! the 
descriptions given above. 

It would be interesting to connect the proportion of these thi'ee tyiuis 
of lierbaoeimi cotton with conditions of climate and soil, but. tljiougli a few- 
general indications can be given, the time is not yet ripe nor our inquiries 
sufficiently advanced to come to any but the most provisional conclusions in 
the matter. 

In the first place, however, it is faidy clear that lha////dc<,)ttf)U. doiniiiates 
the situation only where the soil has a tendency to be saltisli and wliein 
the rainfall is likely to be deficient. The soil may be either heavy or light . 
It is stated, though it is not equally certain, that tin', tracts, wliiek gs-ow 
Goghari best and where it yields more highly than a,iiy othm x-arith.y u! 
IierbacGum cotton in Gujarat, are, \vhere , the soil is moderately light, of a 

* The .tiormg used by the Cotton Committee have been modified to suit oiu' ^Jlassifica- 
,tiou. . 

' t Also contains 25 per cent Bozi cotton. ' 
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hesar or gorada type with a deep subsoil. But Goglian seems extremely 
adaptable, and is capable of flourishing, as well as Broach deshi, over 
the greater part of (jujarat, as is illustrated by its general extension in 
recent years. 

II. GogHAEI COTTON. 

1 . History of cotton. 

Goghari cotton, the extension of cultivation of which in Southern 
Gujarat, has been so disastrous for the quality of the staple in this part of 
India, has only been recognized as a separate type in very recent years. 
Where it came from we do not know. Its name would suggest that it 
originally was brought from Gogha, a part of the Ahmedabad District in 
Kathiawar, to the south of Bhavnagar, and that from there it may have 
been carried across the Gulf of Cambay to the Jambusar Taluka of the 
Broach District, where it is now grown in its purest form. But of this there 
is no direct evidence, and the first notice of this cotton occurs in 1891. In 
that year in a communication to the Bombay Trades Association^ the 
following statement was made : — 

“The only foreign seed introduced in Broach was the Goghari seed. 
That seed has been brought into Broach District during the last fifteen 
years, and the cotton produced from that seed was of an inferior quality. 
His firm first sent a consignment of this cotton home ; it was reported 
upon as harsh, deficient in staple, but of good colour and fine class. But 
since the Goghari seed has been acclimatized, the result was that the 
Goghari ( seed ) cotton had been passing in Liverpool as fine machine-ginned 
Broach, with an allowance of l/32d. to 3/32d. per pound of the class, 
but when shipped as Fully Good Broach with mutual allowance terms, it 
fetched 1/8 to 3/16d. per pound on the class sold. This kapas paid the 
raiyat because the lint outturn was better.” 

A few years later the variety was definitely established as a recognized 
type of cotton cultivated in the northern part of the Broach District. 
Middleton^ in 1896 describes it as follows : — 

' In Goghari the bolls are globose, and larger than those of deshi* The 
segments of the capsules are broad and do not recurve when the fruit is ripe. 
The lint hairs surrounding each seed separate readily from those of the 

1 Extracts from the Proeeedinrjs of the Cotton Trades Association. July 31, 1891 ; Commu- 
nication by Messrs. Narandas Rajarara & Co. 

^ Agricultural Ledger, no. 

* By deshi. ordinary Broach deshi cotton is meant. 
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adjomng seed, and do not ding as m AcM. The seeds are larger and darker 
m colour and have more fuzz. The wool ( i.c., hut ) adheres more firmly to 
the seeds, is whiter, crisper, coarser, and more abimdant. It, is supposed to 
be a cross between the two cottons oi lmhaceum, namely, Broach dcshi 
and Wagad. Goglmri and Broach desU seem to cross readily, and plants 
intermediate between the types are very common. 

Oundi Ooghari plants are smaller with numerous bolls. The cotton 
IS betterin quaUty than is Goghari proper. This is believed to be an interme- 
diate form between Goghan and Kahanmi. ” 

Some of these statements seem equally true to-day. In other matters 
the cotton seems to have considerably changed its character. We will 
owever, indicate a little later in what ways the present day typical GoqhaH 

cotton digers from what Middleton describes. ^ 

Eight years later Gammie' piiblMied his description and cla3,silicatinn of 
the Indian cottons, but the following is his only reference to this variety •_ 

^ respects to Wagad, but the plants are 'more 

spieading and the bolls open out like those of Lalio.” 

In a laterreport^, however, he states that GogJum exists as an approci- 
the Bioaoh District, he quotes a case where Goglmri occurred to the extent 

of 14 per cent, m the mixture grown. 

He says, moreover, that “in Goglmri the seed is larger than that of 
Breach toy. and the cotton is more adherent so that it is mor!difflll 

ZfX wll condder 

later how far these observations agree with ours. 

2. Characteristics of Goghari cotton. 

evtr inThlTeed ff ' ^th in\hrLtrcotton ^ 

for arumber Myeam ts'ho ^1-ff “ ^ 

by which Ooghiri plants’ tyndioate any constant feature 
Broach «/up tot rime of 1 ® r 

brenchiugoftheplantsbaudthefoi^^^^^^^^^^ 

^JJie Indian Cottons, 1905 . 


PLATE ni. 



Fi^'. 1. Upper row. Broach Deshi, showing the recurving at the sides giving wide opening, 
due to which the cotton bangs down. 

Lower row, Goghari, showing no recurvature, thus having less wide opening. 


Fi'f. 2. Upper row. Surlee Broach Deshi. 1, side view, having the horiziintal scina and tl e 

middle angle broad; 2, 3, horizontal views having the recurving on the sides. 

Lower row. 1, side view, having the perpendicular septa forming the middle angle acute; 
2, 3, horizontal views having no recurvature. 



Above. Kapas from the cell of a boll of Goghari showing the length to which each seed with 
lint hairs can be drawn from the other without perfect separation. This is probably 
due to the shortness and roughness of the staple. 


Below. K|i|?^g .|rom a cell of a boll of Broach Deshi showing the greater length to which 
seed with lint hairs can be drawn from the other without complete separa- 
tion. This is probably due to a long and silky staple. 
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Mt.He t,pe„o. 

(J'l«(« V, ii. -d ZTZ “'““g Broach dedn cottons 

=Ss:H=^-SHf™ 

“ 42 ” “r- “• 7 “ '■ •>« •> o"' »«, 

(Hate III. £g. 2.) 

2 . The Icapas in the two cases differs in the ease mth which the see^ 
can be separated from mm t n j ■ vnicn tne seeds 

» e. - ...» . »*„. t4.r,rr:rs£ 

At the same time the lint adheres much more firmly to the seed th.o • 
Broach desh cotton. This can bAinrimof^rq' i ^ ®®®d than m 

i.* r , , somewhat rouffhiv hvflmvrain^- 

time taken to hand-gin kapas of the two types. ^ “ 

eoghari Broach deshi 

Hours Minutes Hours Minutes 
lime taken to gin 1 lb, hapas . . i 14 0 

Time taken to obtain 1 lb. lint ..2 43 i 

3. The seed, after ginning, in Goghari cotton usually retains a 1 .,„ 
number of torn hnt hairs, showing the force required to separate them frof 

M' ^rt h* ^ previous writers on the subject inoludinsr 

Middleton, have stated that the seed beam more fuzz than is found in th ^ ® 
p Broach desU cotton. Precisely the opposite is mluy tie “e and LTh" 

torn lint hairs are removed by forceps, it is easily seen that the r 7 • 

really presents an almost clean darkish testa without fL ThtiZ^" 
can be seen clearly in Plate V. fig. 1. 1 he difference 

These differences render it easy to distinguish in the ca.o t ■■ 
plants, or in the case of any collection of W or 0^0730 d“f 17 ““® 
tovc to do with Goghari or Broach dechi cotton, and enable the prVortiZof 
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each in a mixture to be deteriniiied. In addition to tlicsc charac.icu's by 
which Goghari cotton can always be detected, there arc certaui gciuira] 
commercial differences which distinguish any lots of the two types of coll on 
which may be placed on the market. These are as under: — 

1. The lint in Goghari Gotion is shorter than in Broach desM, and this is 
practically universally the case among all the strains of each kind that have 
been examined. The attached table and graph ( p. 85 ) show the frequency of 
different lengths of staple in an average pure strain of each variety, the lint 
being taken from the middle of the seed. 



Goghari 

Broach 

cm. 

Percentage of casea 

1-5 — 1-6 

.. 1 


1-G ~ 1-7 

10 


1*7 — IvS 

. . • . 0 


1*8 — 1-9 

• • • • 8 

1 

1*9 — 2-0 

22 

1 

2*0 — 2-1 - .. 

20 

2 

2-1 — 2-2 

.. .. 22 

4 

2'2 — 2-:? 

.. .. 10 

ti 

2-3-- 2-4 

1 

15 

2*4 — 2-5 


16 

2-5 — 2-0 .. 


17 

2-0 — 2-7 


21 

2-7 — 2-S 


8 

2-8 — 2-0 


. .8 

2’9 3'0 


1 


Though, therefore, there may be seeds among a sample of Broach deahi 
cotton which bear lint liairs shorter than those found in Goghari, yet in j iracti- 
cally every case the average staple is shorter in the latter than in the former, 
and so far no str’ain of Gogharh has been evolved or selected which has 
an average staple as long as even the lower tjpes oi Broach dedi cotton. 

2. The ginning percentage, or in other words the jjroportion of 
weight of lint to weight of kagras, k much higher in the case of Goghari 
cotton than in the case of Broach deshi. .It is this quality which has caused 
the large extension of the grorvth of ,6^a^/<m\cottGn, and wo niay il]iLstra,te 
the difterence between the two types we are comparing by a table showing 






PLATE V. 


Seed of Goghari almost naked ( i.e., without fuzz ). 

Seed of Broach Deshi so fuzzy as to present the velvety white surface 
all along. 


A, Boll spherical in shape and bigger in size than C : 

B 21, Boll distinctly tapering: 

B 3, Boll tapering, surface rough (tall type); 

C, Boll spherical but smaller than A; 

E, Boll intermediate in shape between spherical and tapering. 
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giiimng percentage Lighei ttan that of the poor strains of Uiiqlmri, ye) IJie 
ilioreiice mdicatod hy the above figures is maiutaiiioil in the TOmnnncial 

ots oi in a remarkable manner, and is the basis for tlie high ralmition 
01 tliifc, Lapas in the market. 

Whicfll^'^ *"■“ cotton 

ihich aie grown in Southern Gujamt, and the special characteristics of 

! ! ;; “d r ™ ^ 

m iket Before ^ssmg on to consider the extent of its admixture with 
other CO ons ,n Gujarat at present, we may notice the theories which can 
be put forward to account for its existence. The first theory on the 
subject IS that of Middleton ( he. at. ) who considered that it is probably a 

Gu arat. The ground lor this opinion is based on the fact that Bmnel, 

•>.. 

• • eiwier ol its supposed parents anrl fnrflmr 

seem”?irr£^tS 

3 . Extent oj admixture oj Goghai-i with othr cottons in Gujarat. 

Pe'-centage there has been a gradual 

t;:rr5iru.:S^^ 

the last twenty years beensuffinV ^ staple has , not during 

yield of hrit on the faywa obtained lea^rto^ ft e *' 

eoghari cotton throughput Gujarat, “ ^ igwilual penetration of 
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In tlie year 1905, and again from 1909 to 1919, a number of samples 
of seed has been collected from ginning factories in many parts of Gujarat, 
and have been, after sowing and reaping of the crop obtained, used to 
determine the extent to which OogJiari cotton was actually being grown 
in the various tracts. In the early years the samples were collected by 
the Mamlatdars or revenue sub-divisional officers; since 1912— 14, the 
officers of the agricultural department have been responsible for obtaining 
them. The results of the examination of these samples can now be 
indicated. 

Surat District . The reliable samples of seeds collected in the early 
jmars were too few to be of any value for the purpose in view, but since 
1912-13 the following table indicates the amount of Goghari cotton 
contained in the samples of seed collected : — • 


Year 

Number of samples 
examined 

Average percentage 
of Qoghari 

1912-13 

8 

1-3 

1913-14 

15 

1*0 

1914-15 

17 

0-2 

1915-16 

30 

0-6 

1916-17 

26 

3-7 

1917-18 

18 

0-9 

1918-19 

11 

7-5 


These figures, which owing to the limited number of samples examined 
must only be approximate, indicate that until recently the penetration of 
Oogliari cotton into the Surat District has been only small. In 1916-17 for 
the first time it amounted on an average to nearly four per cent, and 
though in 1917-18 the figiue obtained went down, it rose to an unprece- 
dented height in 191S— 19. The chief disquieting feature in the last year 
was the fact that all samples showed a mixture, and hence it was clear 
that Goghari cotton seed was penetrating everywhere, even in the areas 
where the highest staple strains of Broach desJii cotton had been previously 
grown. The result has been that the trade has become alarmed, and that 
an effort against the further invasion of Goghari types is being made by 
the combined action of the agricultural department in supplying jmre 
seed, and of the various sections of the trade. 

Broach District. The examination of samples from the Broach District 
has been more satisfactory and has given clear results showing the 
penetration of Goghari cotton. Here it must be remembered, we are in 
the centre of distribution, and though in 1905 the pure Goghari cotton 
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was confined to one comer of the district, yet the ease with wdiicli it could 
he spread led to its rapid extension. The actual a verao’os ohtaiiicd wtnc 
asunder:- - 


Year 

.Number of samplp.s 
e.xaminecl 

Average percentage of 
Goghari 

191-1-15 

IS 

22*3 

1915-1(1 

19 

24*2 

191(1-17 

18 

40*6 

191 7-1 S 

24 

50*7 

1918-19 


81*8 


From these figures it is clear to what extent Goghari cotUm has re])laced 
the older type of Broach deshi oi superior staple. This is partly due 
to the nuxtiuc of seed: partly to the actual replaceinent of the one 
variety by the other. In 1918-19, in almost a quarter of the cases the 
samples received were almost pure Goghari cotton seed, in the remainder 
the admixture varied from 95 to 88 per cent, of Goghari seed. There 
was no pure Broach deshi seed sample among them. 

The >same penetration of Goghari seed from Broach, into Ahmedabad 
and Kaira is taking place as is occurring in Surat, but already it lias 
proceeded much further. Viramgam and the surroundng tracts are little 
affected as yet but everywhere else the Goghari type is becoming 
increasingly grown from year to year The number of samples examined is, 
however, not sufficient to justify a quotation of them, but there is no doubt 
that the spread is taking place, a spread which is tending to ruin the 
reputation of Gujarat a sail area for producing a staple cotton. 

4. Has hgbridization occurred among the various types o/ Gujarat 
herbaceum cottons ? 

With regard to the various types— Broach deshi and Goghari — 
of Gujarat herhaceum cottons, which are growing together or in close 
proximity in so many parts of the province, two things may have occurred. 
Either they are growing side by side without appreciable mixture, or they 
have largely hybridized and so every form of cross intermediate between the 
types will be found. If the former be the case, then it will be easy to 
obtain each variety pure by simply selecting plants true to «any type in the 
field : if, on the other hand, the latter be the condition, it will be difficult by 
field selection directly to get plants which will breed true of any of the 
varieties described. 
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Th(3 extent to wliicli hybridiziition of cotton takes place generally has 
been a matter of considerable controvers}’’. Without going into tlie older 
literatui'c on the subject, we may call attention to Gammie’s opinion in 1903d’ 
He states as follows : — 

“ It is customary among botanists to assume that the numerous forms of 
cotton plants have become inextricably complicated and difBcult to 
understand and distinguish through hybridization. It appears to the writer 
that the true solution of the problem of classification will be found to lie in 
the fact that, in the Indian form, these so-called species and hybrids are 
merely cultivated races evolved from an unloiown prototype.” A little later 
( 1905 ) Gammie^ was more definite, and stated that in his opinion the 
numerous forms occurring in every species of Indian cottons were not to be 
explained through hybridization, in that Indian cottons are normally 
self-fertilized. A large number of varieties,” he said, “ procured from almost 
every part of the country have been grown in contiguous lines without 
hybridizing. Emasculated flowers allowed to remain uncovered usually 
drop off unfertilized. In the few cases where pollen was carried to the 
stigmas by insects, bolls were not subsequently developed.” 

This very clear opinion that crossing among Indian cottons is of rare 
occurrence, and, when it occurs, is of little practical importance, is not shared 
by other workers on the subject. Watt^ writes as though he considered that 
cross-fertilization was frequent and that many Indian types have risen through 
such natural hybridization. Leake^ after a very careful series of observations 
came to the conclusion that in Indian cottons cross-fertilization takes place 
to a considerable extent, though the greater portion of this is limited to neigh- 
bouring plants.” He says, further, that cottons which flower by the end of 
the rainy season are more liable to cross-fertilization than others. 

It may well be, however, that in different species of cotton, the tendency 
towards hybridization will be very different. Thus, for instance, cross-ferti- 
lization would be very difficult in Gossypkm arboreum with its short style, 
while in the various types of Gossypium neglectum, where the length of style 
gives much more opportunity for foreign pollen to be received, it might easily 
be frequent. The forms of Gossypium lierhaceum occupy an intermediate 
position, and none of the workers above quoted have made careful and detailed 
observations of the incidence of crossing with this species. 

1 Note on the Classification of Indian Cottons, Calcutta, 1903, 

^ The Indian Cottons, Calcutta, 1905. 

^ Wild and Cultivated Plants of the World, London, 1907. 

^ Mem. Dept. Agri. India, Botanical Series, IV, no. 3. 
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We have, liowever, now tlie recent work of Kottnr^ on this point. He 
worked with various types chiefly of lierhaceum cottons, and concluded that 
‘‘ all the Indian varieties cross easily and the amount of natural crossing is 
considerable ( up to G per cent.) when various varieties are grown in adjoining 
fields.” Beyond this opinion there is no evidence, so far as we aie aware, 
of the degree to which cross-fertilization occurs Miimg herhacewn cottons, or 
of the extent to which the plants now grown are unfixed hybrids of the various 
varieties in cultivation. «, 

That cross-fertilization does actually occur in the Goghari type of 
herbaceum cotton is clear from the following experiment 

Strain No. 0 8 Goghari. This is a pure line cultivated without variation 
for several seasons. In 1918-19 the seeds produced by two separate plants of 

1917- 18 were sown, and variations in the amount of hagms per boll and in tile 
ginning percentage of the hagas were noted which could only have resulted 
from crossing. The rows were planted at least six feet from any other type. 
The actual figures obtained were as under 

Number of bolls per pound of kapaa . . 

Ginning percentage .. .. 

Degree to lohich cross-Jerfdlization oGcurs. We have started our work by 
isolating pure line cultures of Goghari aotton which have maintained certain of 
their characters for at least two generations. The seeds produced in open 
field cultures in the second generation ( the plants being grown no less than 
six feet by three feet apart ) have then been grown, and the proportion of the 
plants which have varied in the next generation in the character studied has 
been determined. The only source from which such variations could arise 
was cross-fertilization from the plants in the field. The following cases 
may be quoted ; — 

1. Strain No. B21 Goghari. The character studied was the size and 
shape of the boll. This was absolutely constant in 19-1G17 and 1917—18. 
On being grown in open culture in 1918-19, it showed 2'1 per cent, of tie 
plants bearing bolls of a diflerent character. Again a plant bearing bolls 
of the original shape and size in 1918-19 gave 2*86 per cent, of the plants with 
varying bolls in 1919-20. 

2. Strain No. 022 Goghari. The same character was studied as in tlie 
last case, and the boll characters of the strain were constant in 1917-18 and 

1918- 19. Ill 1919-20 this showed plants with varying bolls to tlie extent of 
ri per cent. 

Def t. Aqrlt Indict Botanical Bmea,!.., no. 


No. 1-348 
No. 2-407 
No. 1-44-2 
No. 2-40-G 
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3. SLmiri No. B3 Goghiri. Tlie })oll characters were again studied 
and after being constant in 1916-17 and 1917-18 these showed 1 per cent, of 
the plants in 1919-20 with varying bolls. 

Judged therefore by this one character, it would suggest tliat under the 
conditions of the experiment, in which, the nearest differing jilants of other 
strains would be six feet or more away, the amount of crossing would, in 
Goghari cottons be between TO and 2*8 percent. 

That the plants at present grown are unfixed hybrids of the varieties in 
cultivation is still more clear. Seed of two types of Goghari cotton ( Ja mbiisar 
Goghari and Varnama Goghm\ ) were obtained and sown. From the crop 
obtained, all plants were eliminated which showed any character other than 
those associated with Goghari cotton. Seed was produced from the remainder 
and this was again sown. Instead of producing pure Gohgari plants, 
however, the latter showed a higher percentage of admixture with those of 
other types than did the original cotton. The actual figures in both cases 
are as under : — 



i 

Janibusar Goghari 

Varnama Goghari 

Yea,r 

Percentage of aduiixturo of 
Broach detthi 

Pereeiitago of admixture of 
.Broach deM 

First year 

(1913-14) 

7-25 

9-5J 

Second year 

(1914-15) 

14-00 

10-00 


It is clear, therefore, that the plants grown were splitting ” as to one or 
more of the characters associated with Goghari cotton. 

A similar test was made with a sample of cotton Seed, reputed to be Broach 
(leshi, obtained at Broach. The seed was grown as before, and all the plants 
which did not conform to the Broach deslii type were eliminated, and the seed 
produced from the remainder was sown in the following generation. In this 
case the series was continued for four years ; only in the fourth year had the 
Goghari type been entirel}^ got rid of, as the following figures show; — 


First year 

(1913-14) 

Broach deshi ' 
Percentage of of admixture 
with other types 

82-3 

Second year 

( 1914-16 ) 

14-8 

Third year 

(1915-16) 

2-5 

Fourth year 

( 1916-17 ) 

0-0 


2 
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.A tliird test may he quoted, Tii seekinp; to develop pure. ,s1,rain,s of Gofihan 
eottoii, we covmneiieed })y selecting in. the field, with greats care, ])laiii.s ^vhi<■l) 
completely conformedto the Goffhari t.ype. The seeds ii'om these plants were 
sown, and the plants from tlieir pwodnce were examined. Tln^ rolhtuing 
table shows the percentage of these which conformed to the Goghari l.yp<^ 
in 1915-16 

Strain ppi' cent. 

; A .. .. 43-9 

B .. .. 40-3 

C .. .. 

Allowing that a limited amount ( not more than 3 per eenl .) of eross-fm't i- 
lization may have taken pla.ee in tlie field, this w'ould be totally insulhcient. 
to account for such a large ])roportion of non-fro///nu'?l plants in the oihspring 
of those selected. 

Those results, tlierefore, seem to show conclusively in i!t(‘ hcrbarcinn 
cottons of Gujarat, or at any ra.te in the Broach ih-fthi and Goghari thi' 

following points ; — 

(1) That cross-fertilization of the different types of hcrhaceam, cottons 

does take place. 

(2) That this cross-fertilization takes place normally to t he extent, of 

1 to 2‘85 per cent, and ])erha.ps more. 

(3) That the cotton plants in cultivation are very largely eoin|)os<‘d of 

hybrids liotween the various types described, and, lu'iice, 
ordinary selection on the basis of the characti'rs of (he ju'odiice 
of a particular ])lant will not yield a constant f.yim eilher(}f 
plant or produce. 

5, ]Yhaf, characiers arc hcmlif.arg in Gogliari cotf.on ? 

In considering wliich of the characters associated vitli Goghari cotlon are 
hereditary, we liave .studied the following. Wo will first sf.ate what we have 
found with regard to each of them and then describe tlie data on which tho.se 
conclusions are based. 

Boll characters. 

(1 ) The shape of the boll ( spherical, ta]mring, etc, ) is limndilary. 

( 2 ) The size of the boll, at any rate, so far as the spherical tyjit' of boll 
is concerned, is hereditary. 

(3 ) The quantity of Jeafas per boll is hereditary. 

Plant Characters. 

fl) The projiortion of Lolls borne on primary fruiting branch o.s is 
hereditary. 
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^eeil and lint cJianiefers. 

( 1 ) T]ie giniiiiig percentage oi: tha Jcafas i.s Iiereclitarv, but there are 
variations from season to season due to reasons other than seed 
weight. 

( 2 ) The seed weight is hereditary. 

The evidence on which these statements are based is as follows : — ■ 

.1, The shape of the boll is hereditary} Tn ordinary 6^0/7/ian' cotton, as 
grown, there c.re very great variations in the type of boll. Some of these 
variations are shown in Plate V, fig. 2, which represents the character of the 
bolls in a immbtir of strains (pure) which we have isolated and each of which 
is described in the next section, of the present paper. These may be indicated 
as under ; — 

A. Spherical in shape and large. 

,B. (1) Long and ta]rering with smooth surface, 

(2-) Tapering with rough surface. 

G. Spherical, but small. 

E. .I'nterraediate in type between A and B. 

The original types, from which these strains have been developed, were 
selected in 1914-15, on the basis of these very boll characters. On growing, 
however, they were found each to yield plants ^yith bolls of the most varying 
kinds, more than 55 per cent, in the case of types A, B, and 0 being rejected 
in the first year’s crop. By careful selection, however, plants have been 
obfained which breed entirely true to this character. In the strains with 
boll characters represented by A, plants had been evolved by 1918-19 whose 
progeny gave ai3 absolutely uniform series of spherical bolls, breeding true 
year after year, Si.uiilariy in strains with the chaiucters of B and G, the same 
stage was reached in 1916-17, while in those with characters of E, the plants 
bred true as to the type of boll in 1917-18. 

2. The size oj the boll and the. quantity oj kapas per boll are hereditary. 
In an ordinary collection of bdlls of Goghari cotton the variation in size 
is very great, even in the same season. Some idea of this can bo given by 
figures foj- a large nu mber of bolls from our own plots, which are of course more 
uniform than the types in ordinary fields. The size will perhaps be best 
indicated by the number of bolls required to give one pound of kapas. This 
varied in two different years as follows : — 

1917-18. 181 to 247 or a variation from the mean of 15‘4 per cent, 

J I’ alls. “ The Cotton Plant in Egyptj ” Londons 1912, 
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1918-19. 214 to 289 or a variation from tlio mean of M’O pco' cent. 

Hftveral strains have been isolated in wliich the minibm' ol bolls 
required to yield one pound of hapas is almost eonsliuit in any om^ setison. 

Thus tlic progeny of different plants of one pure line ga,V(' ihe, following 
numbers in certain cases. 

( 1 ) 217 and 214 from a parent giving 220 bolls per pound of kapus, 

(2) 186, 193, 208 and 210 bolls per pound of Av//;o.s‘ (parent not 
recorded). • 

( 3 ) 249 and 241 from a parent giving 241 bolls per pound of kapaa. 

(4 ) 273 and 288 bolls per pound of kapas. 

In these cases the variation from the mean among the ])rogeny is (uiiy 
0’7, 6-5, 1*6“ and 2*6 per cent, respectively, and in the ca.s<^s wlimn the 
character of the parent was recorded, the variation is 2'8 and. 3'3 pt.u' land ., 
tliough the ])areut and the progeny were grown in different seasons. 

3. The proporUi>n oj bolls borne on primari/JriiUinp bronehes is hervdihtnj. 
It is well known that in all herbcicemn cottons there ai'e tliree positions in tiie 
plant in which bolls may be borne. They may arise on seconda ry or tertiary 
branches, borne either on monopodia near the base or on vegetative axdllary 
shoots growing in the upper pait of the plant ; and they may (xanir on primaiy 
fi'uiting branches aiising directly from the main stern. In most species of 
cotton, the last kind of bearing is almost exclusively found ; in herbaeenm 
cottons, the forme]* kind has a very important share in the. number of bolls 
and hence in the quantity oi kapas produced. The proportion of the total 
number of bolls borne on the primary fruiting branches seems, however, to 
be constant for a pure strain in (hghari cotton. 

The following table gives figures showing how the progen y of selected 
jdants of each strain iire constant in this factor. 

Table sho wing percentage oj bolls borne on primary jruiting hranehes, 

I\‘rcent.ago 


Progeny of plant. 1 

Strain A20 


liU8~I0 
.. ;«)■() 

Progeny of plant 2 



.‘lO'J 

Progeny of plant 1 

Strain B3 


;}(ps 

Progeny of plant 2 . 



lirrO 

Progeny of plant 1 

Strain B2] 


21*(l 

Progeny (tf plant 2 



22-0 

Progeny of plant 1 

Strain 022 



Progeny of plant 2 



29-() 

Progeny of plant 2 



2y(.) 

Progeny of jaant 4 


■ ,, 

28-B 
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Percentage 

Strain Eo 19.18-19 1919-20 

Progeny of plant 1 ... . . . . . . 32-5 32'4 

Progeny of ijlant 2 .. .. . . .. 3G-0 33 ‘8 

Tlie variation between the progeny of different plants is so small, and, 
moreover, the dilferenoe in the last quoted case is so slight from year to year, 
that it justifies us in concluding that we are here dealing with a hereditary 
factor. This matter, however, requires further study. 

4. The (jinning percentage of kapas is hereditarg. Seeing that in 
Goghari cotton it is the high ginning percentage which has raised the 
variety to its present importance, it is a matter of great interest to ascertain 
how far this quality is one which is innate in any particular sti-ain, and 


hence whether strains can be isolated wliich possess this very valuable 
character in an exceptional degree, and which will breed true. Our obser- 
vations show that such strains can be* isolated, that plants derived froju 
.similarly bred parents in pure line will have similar ginning ])erccntage, and 
that the ginning percentage of the progeny, in pure strains, will only \'ai'y 
within defined limits from that of the parents. 

We will give the figures obtained for the ginning percentage in several 
pure strain's and for a series of years. 

Ginning percentage 


Strain A26 .. 

1916-17 

44’6 


1917-18 

42*7 


1918-19 

45‘7, 45'4 and 46*6 


1919-20 

42-5 

Strain B3 

.. 1916-17 

42*6 


1917-18 

42*7, 42-8, 42-5, and 43-8 


1918-19 

45*8 and 45*1 


1919-20 

46-9 

Strain B21 

1916-17 ■ 

4o*4 


1917-18 

42-6 


1918-19 

45‘o and 44*6 


1919-20 

44*8 

Strain C22 

1916-17 

46-1 


1917-18 

42-0, 42-5, 42-4 and 42*9 


1918-19 

45 *7 and 45*8 


1919-20 

47*6 

Strain E5 

. . 1916-17 

46*4 


1917-18 • 

46*7, 46*1 and 46*6 ' 


1918-19 

49*8 and 48*8 


1919-20 

51*5 


The variation between the progeny of different plants of the same strain 
grown in the same year is very small indeed. En\T.ronmental factors appear 
to have a very large effect on the ginning percentage in any one year 
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afi coinpared wif.h any otliers, and tliey .soom, inoroowf, to ii;i v(^ a, h ^ 

different eiVoct in dilTerent straiiiH ( e.f]., A2G a.nd ,B0 ). .IjiiI tIuM'e- a)'<! isl laius 
whicli c()usistciitly giveavoiylugliginniiigl)eaw,nln.g<i like Mo, and wliidt niay 
ha ve great importance from a breeding point of view on this a('C()iii\i . ^ ^ 

A critical examination of these figures, however, siiggesls I hat 1 he ginning ^ 

percentage is itself a complex, being dependent on the weight both ol the 
seeds and of the lint. A rise in the ginning percentage might in lact be brought 
about either by an increase in the lint weight or by a decrease in the seed 
weight, a.nd lienee a better tignro to measure the iiroportion of lint in a, weil- 
devolopcd lioll would be to compare the weight ol lint with the number ol 
seeds and not with their weight. That is to say, we sliould use a Jigure wJiicii 
compares the weight of lint per .100 seeds. This .llgure ha,s been alremly used 
by the writers in Egypt umlor the name .Lint-index ’ and il.s value in < he 
cases cpioted in the last table is as follows : — 

Lint- index ( n'ciijht oj Ihd ill' rfr(tin,in,es pM' lOO sends ). 



The constancy of the lint-iude.x is greater than that of the ginning 
jjercentage as is well illustrated in the case of Strain A2(», JOlO-'iO, as against. 
1918“19, and hence it appears to be a bettor factor to use in ♦•onsidei Ing t he 
relationship of the lint and the seed. 

It is a general belief among cotton merehaiit.s that, variation in tlu' 
gilluiug percentage hi one tj'-pe of cotton is due simply t,o vaiia lion in the seed 
ivoight. Our results show, however, tha.t this is not the cuse, a tid tha I i n a ny of 
our pure strains the variation in tlio seed weight is only one of the hn-tors 


Strain A2(> 

.. iait)-i7 

4-:}i 


J!)17-1S 

02!l 


191 8-1!) 

.1-80. .|•^)| and ^'Ul 


1 91!)-2(» 

4-82 

Strain .113 

1910-17 

I'll 


1917-18 

•1 -Ol,.!-!:), .t-oaaiul- 


1918-19 

4'00 Hriid t»‘0)"> 


1910-20 

r.-io 

Stivain B21 

.. 1910-17 

4 -01 


1917-18 

3-98 


1918-19 

.4 '30 and 1-30 


1919-20 

4,-tiO 

, Strain 022 

.. 1910-17 

4 '33 


1917-18 

3-73, 3413, 34)2 an«l : 


1918-19 

4-2!) and 4-37 


1919-20 

4-80 

/( Strain lSr» 

.. 1910-17 

4-49 


1917-18 

4-70, 4-UU and 4-8 1 


1918-19 

5'o0 and 4 ‘90 


1919-20 

0-73 
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wliic]]. causes eJiaages in the gimiing percentage. The following table shov\-s 
tJje giuuiug percentage in several years, and also the number of seeds ]jer 
grainnie. There is obviously little or no correlation between the two sets 
of , figures. 


Strain 

.. . , 

1916-17 

1917-18 i 

1918-19 1 

1919-20 

Ginning 

I)ercen- 

tage 

Seeds 

per 

grainnn' 

Ginning 

per- 

centage 

Seeds 

per 

gramme 

Ginning 

lier- 

centage 

Seeds 

per- 

gramnie 

Ginning 

per 

centage 

Seeds 

1 iier 
gramme 

A26 

44-6 

18-6 

42-7 

17-3 

45-9 

17*2 

42-5 

15-3 

B3 

42-6 

18-0 

42-9 

18-3 

45 '4 

17-2 

1 

46-9 

17-2 

E5 

46-4 

19-3 

46’5 

18*4 ' 

49-3 

18-5 

.51-5 

i IS'5 

1 


5. The seed weiyht is hereditary. This lias already been recognized by 
Ballsi for Egyptian cotton, and it is equally the case in the Gocjhari variety of 
Gossypium herhaceimi. The following figures for the same strains which we 
have considered under the last heading make this clear in the present case : — 


1916- 17 

191 7- 1 S 
191S-19 
1919-20 


1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 


These figures indicate that the progeny of diherent plants of the same 
strain grown in the same year give seed whose weight varies very slightly. 
It also shows tliat despite considerable variations from year to year, 
^ Balls. “The Cotton Plant in Egypt,” London, 1912, page 167. 






Number of seeds per 10 gnn. 
186 
173 

175, 169 and 173 
153 
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a li (law-, seeded variety remains relatively iioavy-seodi'd liowt'ver llic 
eiivirniimental factors may vary. 

Closely connected with this study of some of tlni characl crs ol f/o///a//o 
cotton vvdiich we have proved to be hereditary, we may noU; lln; is'sulls ol our 
inquiry into the correlation between the aha.])e and size of tln' l)olls in (hHjhari 
cotton and the ginning percentage. Tu coimmnicing soleclion work on this 
cotton in 1914—15, we relied on this character of the bolls as li(>.ing a fa voui'a bio 
basis for selection as a result of statements by several authorities that boll 
characters were intimately associated with length f)f libre. Thus 0. K. Cook'' 
states definitely that there is a correlation hetAveen the length of tin', boll and 
the length of the fibre. Kearney^ also, in. his study of hreediiig in Egyptian 
cotton, ventures the statement that “ the size of the bolls nnisl be considei'i'd, 

because tliis character is intimately associaled wiiii leuglli (»f Cibrtu'’ 

He does not give any evidence for this, and wu; caiiuol liiul tin*, (‘vidciice on 
\\diich it was based.- Maiir^ held the saaiic opinion, and slah'd (iiai in 
191 1—12 he made the “ interesting observation that a convlalion cxisi s in the 
indigenous cottons betAveen the ginning ])ereentago on the one hand and the 
shape of the bolls on the other.'’ A broad-slia])cd boll AA^as found to be asso- 
ciated Avith a higher ginning percentage in the kapafi. lie, liowevju', <lo(!s mji 
give the GAudence on Avliich lie based this sta,teuienk 

After six years’ Avork on the .subject Ave IniAU} to sa,y that we ha V(^ failed 
to find the correlation ex|jectod ,• altliough all our selections w<‘re origiiialiy 
made on the basis of the size and shape of the bolls, yet. the part' st rains we 
have developed from them have not gis’on a ginning peixamtagc' wliicdi vaiies 
in any sense according to their oiigin. The folhiAving ta,ble shows this : - 


St.raiii 

1 

Boll cluvraefcers i 

' ' 

Ginning percentage 


1910-17 ' 

1917-18 

1918-19 

1919-20 

A20 

Spherical aud large 

4-1-6 

42-7 

45*9 

42*6 

•B3 

Tapering and large 

42-6 

42*9 

45-4 

46-9 

B21 

Tapering and medinra size 

45'4 

42M) 

45T. 

44-8 

C22 

Spherical and small 

40-1 

42-5 

45-7 

47*0 


^ Bulletin 159, U. S. Dept. Agri. Bur, Plant Industry, p. 45. 

* Bulletin 200, V, 8. Dept. Agri. Bur. Plant- Industry, 1910, p. 11. 

3 Annual Report Surat Experimental Station, 1911.12 ( Bombay, 1912 ). 
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The supposed connection between the shape and size of the bolls obviously 
docs not exist. The highest ginning percentage in the series has been given 
by a plant with small bolls which were spherical, and the lowest by on(3 wliich 
had large and spherical bolls. 

Another correlation which havS been announced to occur is that between 
the size of seed and yield which plants produced from it might be expected to 
give. This was stated by Cook^ in 1908, where he describes the advantages 
of light seeds, heavy seeds and large-seeded varieties. On the strength of 
experiments by Shoemaker on “ Triumyjh ” cotton, he connected the increase 
in yield rather with the development of large seeds. Tint there is no necessary 
connection between heaviness in seed and the yield of a variety in Goghnn 
cotton is indicated by the following table. A‘26 was a he ivy -seeded strain : 
C22 on the other hand was a lighi- ,eeded strain, the seeds being 5 per cent., 
7’8 percent'., 10 per cent, and 19 per cent, lighter than those of A26 in the 
four years 191(i~L7, 1917-18, 1918-19 and 1919-20 respectively. The table 
indicates the yield per plant in these four years. 


Yield oj kapas per plant. 


Strain 

191(5-17 

Grammes 

1917-18 

Grammes 

1918-19 

Grammes 

1919-20 

Grammes 

A26 ( heavy -seeded ) 

2-90 

7-87 

5-38 

7-91 

022 ( light-seeded ) 

4-44 

4-94 

6-30 

■ 7*88 


The yield and weight of seed, therefore, seem to depend on altogether 
different factors, and no connection seems to exist between them whatsoever. 

One more point in correlation arise'c It has been suggested by Ganmiie®, 
though lie gives no evidence whatever in favour of his assertion, that a tall 
shortly branched form of the cotton jdant "''appears to be the more productive 
in all species of Indian cottons.” A statement which might be interpreted to 
mean the same was issued by Kottur^ in 1917, but he has since made it clear 
that the tallness of the plant has, in his opinion, nothing to do with the yield, 
but rather the propoj’tion between the different types of branches ( fruiting ) 
on the plants. In view of Gammie’s statement, however, it was necessary 
to ascertain whether there was any connection between tallness and yield, as 

1 £7, S. Dept. Agr. Bur. Plant Industry, Circular 1], 1908. 

^ Report of the Imperial Cotton Specialist, 1QI& 'll, -p.S, 

^Bulletin no. ^'4, Dept, of Agri. Boinbay, 1917. 
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wc iiav {3 again and again, as a result of it, been reconiiUtaidA'd. i,o cany an 
r, election on the basis of tlie tallness of the pi; la its nseil. for tin' |!iirpo';(':, Wc- 
have sejjarai.ed two strains: one ( B3 ) wlih-li was iheiallcsl of a!! in (In', 
sense tliat tlie main stem tended to develop to a gTea.t e.vteii.i , nnid ihe o1 lic.i' 
( E 5 ) which did not ha ve this faculty. The yield in fa/yw of each of those 
strains per acre grown side by side, in a series of years, was as follows : — 


Year 


B3 

( Tall strain ) 

E6 

( Strain not tall ) 



lb. 

lb. 

1917-18 


157 

1 lO-l 

191S-19 


263 

1 31 « 

1919-20 


.332 

610 


It is obvious that in tlieao two strains, lioth i.solated frotn (tot/htn'l, lucre 
is no correlation between tallness and yield. l( is tlillicnli io undcrslaiid 
how anyone ever supposed that such correlation was likely (o exist. 


6. Description oj certnin pure line strains of Qonhi\v\ eo/fon. 

From the discussion of (hghari cotton so .fa.r made, it lias IxH'otuc clear 
that what goes under that mime really comsists of a. series of strains, all of 
which possess the varietal features do.scril)ed on page 83, hot. whiidi di ITcr fi'oin 
one another by characters which are very irnportanb (‘omincrci.-illy, a.nd of 
which some, at least, are hereditary and breed true. These strains, however, 
are not merely mixed ; they have crossed with one anollier (o an enormous 
extent, and few, if any, of a pure character now exist in the whole province. 
Any attempt to improve or even to fix a standard type for (Joghari cotton 
must be commenced, evidently, by the development of siuili pure strains 
breeding true, which could be the basis of establishing types or ol iiiakini>: 
crosses with other strains of Goghari ov with other varieties (it cotton. 

Ale have isolated five strains oiGoghan cotton, and \so may now giv (3 a 
description of each of these as it has behaved in pure dims culture sinc,e 
19iC-17or 1917-18. 

Strain A26. 

The first of these selected strains, which has been termed A20, is de.riv(;d 
from a selection oiigiually made on the basis of tlie shape a, ml fiu', si/e of (,ho 
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ill an oi'diiiai-y liHid of GogJiari cotton, 188 plants wliich had round, spherical 
and liii'ye hods. he progeny of each of these plants was sown separately in 
a, row, llic rows ])eing six feet apart ; from the resulting plants all of wliich 
did ii(d, produce the same characters in the holls for which they had been 
selecled W(ire elitninated leaving those which still gave the characters desired. 
Since bliat time unit selection among the plants so left has been carried on, 
with the result that since 1918-19 we have a type which lias bred absolutely 
true, and which represents a pure line with the following characters. 

The plant of the strain is of a bushy character, and bears a number of 
monopodia varying from one to eight, the most frequent being four to five. 
The leaves and formation of the plant are similar to what is usually found in 
Gogliari plants. The special characteristics are ; — 

( 1 ) The bolls are spherical and large, with a very marked point at the 
tip. 'J!'h,e bolls open well on the plant, and are fairly uniform in character. 
Idle average weight of kaiKis xier boll is 2*12 grm. 

( 2 ) The Jcapas ga ve a ginning percentage of 45' 9 in 1918-19 and 42’ 5 
in 1919-20. The lint-index (that is to say, the weight of lint in grammes per 
100 seeds) was 4-93 in 1918-19 and 4*82 in 1919-20. 

( 3 ) The seed is rather larger than the average for Qoghari cotton, and 
100 seeds weighed in 1918-19, 5'81 grammes. In 1919-20, 100 seeds 
weighed 6*53 grammes. 

( 4 ) The lint varies in length of staple according to the part of the seed 
from whioli it is derived. In 1920 the average length was as follows • 

Centimetres 

Lint on tip of faced .. .. ..1*72 

Lint on middle of seed . . . . . . 2*01 

Lint at base of seed . . . . . . 1 'Ul 

The variation in the length of the staple of the lint at the various parts 

of the seed is : ( 1 ) at the tip S' 5 per cent, below the mean; ( 2 ) at the middle 
7 per cent, above the mean; ( 3 ) at the base TG per cent, above the mean. 
The attached frequency curve shows the extent to Avhich the staple of the 
lint from the middle of the seed Auiries in a lot of seed of the pure strain. 

The comparative constancy of the staple is shown by the following 
figures, all taken in the middle of the seed. 


Number of measurements made 

.. .. 100 

iStai^le of 

1-7 

centimetres . . 

.. 1 

Do. 

1-8 

Do. • . 

17 

Do. 

1-9 

Do. 

14 

Do. 

2-0 

Do. • • 

. . . . 28 

Do. 

2-1 

Do. , . 

.. .. 20 

IkK 

2-2 

Do. 

18 

Du. 

2 '9 

Da. .. 

.. .. 7 




PLATE VI. 
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in our collection not on account of superiority of either staple or ginning per- 
centage !)ul, because it is an. all-round good yielding cotton. Its ginning 
percentage is slightly above the average, while the staple rep»-e.sents about the 
mean lor Goijhari cotton. 

Strain B3. 

In the same, year as the strain previously described was first selected, 
plants wei'c ]hcked out which had large and tapering bolts, for it was supposed 
at that tiuio that a large bull means a cotton with a high ginning ]'jercentage 
and a tapeiing one would be likely to give a higher staple lint; unit selection 
was {!ontiniied on the same basis in .succeeding years, aiitl a pure strain with 
the above boll characters bi'eeding true was olhained in 191 C-l 7. It wa.s then 
discovered tliat the strain obtained had another character, namely, that the 
main st(un was inclined to develop to an exceptional extent, and hence to 
giv(‘. a tall habit to the plants. 

We have, lienee, a plant which while giving about the same number ol 
monopodia as the strain previously described ( the most frequent number 
being 5 ) and which hence is bushy in character, at the same time gi’ows tall. 
The habit of the plant is well shown in Plate VI when it is compared 
with a strain ( E5 ) later to be described. The tall character is so far a 
special feature of the strain that if the main stem is pruned, the axillary 
vegetative brandies grow, vertically and still give a plant, _a tall appearance. 
In otlier respects the plant is typical Goghari in character. 

The flowering of this strain of cotton was observed in 1918-19, when the 
succession of flowers in twelve plants was noted as follows : — 


Number of ilower.s from October 

11 to 17 .. 

142 

Do. 

Do. 

18 to 24 . . 

145 

Do. 

Do. 

25 to 31 . . 

19:1 

Oo. 

from November 

5 to 10 . . 

148 


A gap occu rred between October 31st and November 5th, but these figures 
nevertheless show that the flowering is steady for over four weeks, rising 
to the greatest frequency in the latter part of the period. After the date 
above given rain occurred and flowering stopped. 

The special characters of the produce in the strain of cotton are as 
follows:— ■ 

( 1 ) The bolls are tapering, studded with dark dots on the surface 
which is rough. The bolls open as in a typical Goghan iglmt ; the weight 
(»f kapus per boll was : — 

Grm. 

(fl) in 1917-18 .. 2*27 

(6) in 1918-19' .. 1'70 


104 


STUDTES IN GIT.TAEAT OOT'rDNB 


(2 ) Thft kapas gave a ginning ])nroonl'.:igo and lini'-iniln.v ns loiltiWH :• 


— 

■■ - ■ 

- 

Year 

Gi nni ng percentage 

Lint-index 

1916-17 1 

42-0 

4: >00 

191 7-1 S 

42-9 

4-11 

1918-19 

45-4 

! 4’8fi 

1919-20 

46-9 

fi-15 


Tfieso iigiives show a t(3nd0ncy, unrlej’ tho cf)nditions of tlio last two voars. 
for hotli tlie ginning percentage and the lint-index to increase. 

(3) 'Idle seed was about the average sixe and 100 seeds weiglied as 
follows; — 


Year 

VVeiglit of UK) seeds 

1916-17 

S'Oo 

1917-18 

5-47 

1918-19 

5-85 

1919-20 

5-S4 


( 4 ) The lint gave the following a?era.ge ineafijiireinents on the diffe-i’ont 
parts of the seeds in 1920; — 

Centimetres 

niint on tip of seed .. ISKi 

Lint on middle of seed . . 1*94 

Lint on base of seed .. '[•74 


The variation from tlie mean ( « ) at ilie tip was 7‘9 ])er {•cut. ladow, 
( 6 ) at the middle 9’6 per cent, above, and ( c ) at the basi^ 1*7 per e.ent. below. 

The lint on the middle of thes^nl varied as follows, as detenuiued from 
100 measurements made on seeds 


Number of measurements ina.de 
Staple of 1‘5 centimetres 


Do. 

1-6 

Do. 




10 

Do. 

1-7 

Do. 




6 

Do. 

1-8 

Do. 




Si 

Do. 

DO 

Do. 




22 

Do. 

2-0 

Do. 




20 

Do. 

2-1 

Do, 




22 

Do. 

2-2 

Do. 




10 

Do, 

2*3 

Do, 




1 


01 ) 

1 
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studies in GUJARAT COTTONS 


The strain just described possesses few cliaraclors wliicb give it value. 
It is a low yi elder, and its lint is not only short but is also u)ievu>n as in other 
strains of Oofihan cotton. It is maintained ,sim])ly Ixicausc. (d' its tali lialul of 
gr()wtli,.w)iicli nny later cause it to be useful for crt)ssing. As it slaanls, il is 
only valuable as showing the low characters of certain of the ])iirc si rains in 
Goghari c(}tt on. 

Strodn B2L 

All the strains of Goghari separated originally in 191'1~15 and marked \l 
were selected because of their tapering bolls, whic hwerc sup})ose(i ( as alnsiily 
remarked ) to be connected with long staple in the lint. In the ])resent casi' i lu‘ 
boll was, however, only medium size. It was considered as promising in the 
following year, and was obtained ])iire in ini()-l7 so fa.)’ as the boll clia rael e.rs 
are concerned. The strain bus turned out to be of a, v<n‘V leafy eharaeler. 
The plants arc not only leafy, but give more moiiojxxlia, than the strains hit her- 
to described. The most frequent number of tliise typ of braneli is six, and 
h eure it is more bushy. Asa result a])pareutly of this, the peree.iitage of 
bolls borne on the primary fruiting branches is less than in any other of our 
pure strains ( page 94 ). 

The special characiters of tlie produce of this strain are ns follows : 

( i ) The bolls are medium in size, and distinctly ta.pering. Tiiey opfui 
more widely tliau in any strain that we Inive isolated, but the valves do jioi 
recurve. The average weight of kapas j)er boll was - 

Grm. 

( a ) ill 1910-17 .. .. .. l*7:i 

(>) m 1917-18 .. .. .. .. 1*88 

( 0 ) in 1918-19 .. .. .. .. 1*84 

( 2 ) The kapufs gave a ginriiiig percentage and liut;-iiide.\' as follows 


Year 

Ginning percentage 

Lint-iude) 

1916-17 

45*4 

4*01 

1917-18 

42-6 

3*98 

1918-19 

45-0 

4-30 ' 

1919-20 

44*8 

4 "60 


It will be noticed in 1919-20 that although the ginning ])orcoutage has 
gone down, the lint-iudex has gone up. 
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( 3 ) l lu! seed was of average size and 100 seeds weighed as follows : — • 

Weight of 100 seed 

Gmi,. 

llti-n .. .. .. 4-83 

1917- 18 .. .. .. 5-36 

1918 - 19 .. .. 5-27 

1919- 20 .. ,, 5‘67 

( 4 ) The lint gave the following average measurements on different parts 
of the seed in 1920:— 


Lint on tip of seed 
Lint on middle of seed 
Lint on base of seed 


Centimetres 
.. 1*65 

1-96 
1-82 


Tlie variation from tlie mean { a ) at the tip was 8‘8 per cent, below, (h) 
in the middle 8’2 per cent, above, and ( c ) at the base O'o per cent, above. 
The lint on the middle of the seed varied as follows: — 


Nuinbor of inoasurcments made 




Staple of 1'2 

centimetres 



1 

Do. i-;i 

Do. 



0 

Do. 1 -4 

Do. 



0 

Do. D.') 

Do. 



1 

Do. 1-6 

Do. 



2- 

Do. 1 -7 

Do. 



4 

I')o. 1 -8 

Do. 



18 

1) . 1-9 

Do. 



.. 23 

, Do. 2*0 

Do. 



.. 20 

Do. 2-1 

Do. 



. . 15 

Do. 2-2 

Do, 



.. 10 

Do. 2 '3 

Do. 



' . i 0 


'riie stajile in this case is, therefore, shorter than in either A26 or B3 
and is also very uneven even more so than B3. The variation is illustrated 
by Fig 4. 

The lint, on examination by Messrs. Tata & Sons, Bombay, gave the 
h>!lovving vahuH • 



Value of liet ter catidif 

OF 784 lb , ■ 

Y(‘ar 





Fine Broach deshi 

B21 

A26 


Rs. 

Es. 

Bs.' 

191 (1-17 

600 

460 


1917-18 

950 

826 


1918-19 

600 

450 

.450 

1919-20 

500 

300 

300 
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Percentage 
of cases 



Strain C22. 

All our strains which have been inarkerl as “ C ” were originally selected 

^ spherical boll. Tliese v^ere picked because 
Middleton ( he . cit. ) suggests that under the name of Gundi Gor/JiuH types of 
cotton with small and round bolls gave cotton of quality higher than the 
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average. It was obtained pure so far as boll characters were concerned in 
1917—18, and has bred true since then. Its chief character as a plant has 
turned out to be lack of leafiness. The plants, though not leafy, are bushy and 
give rnonopodia varying in number from two to nine ; the inost frequent 
number of this type of branch is five, and in this matter it is similar to A26 
previously described. The flowering was early as. is shown by the following 
figures for flowers produced on twelve plants (c/. B3 previously given on 
page 103 ) in 1918-19. 


Humber of flowers from October 

11 to 17 

.. 214 

Do. 

do. 

18 to 24 

.. 134 

Do. 

do. 

25 to 31 

. . Itl 

Do. 

from November 

5 to 10 

.. 130 


The flowering started earlier, but continued as late as otlier strains, so that 
its flowering period was longer. As a result of this, it yields the best in dry 
yeai-s, as the earlier formed flowers, which inevitably fall if rain occurs, 
are able to form bolls successfully. 

The special characters of the produce in this strain of cotton are as 
follows : — 

( 1 ) The bolls are spherical and small, and the number on each plant is 
greater. The opening of the bolls is poor, showing a tendency to be more of 
the Wagmi type. The weight of the Jcapas per boll was — 

Qnn. 

(a) in 1917-18 .. 1*78 . 

( h ) m 1918-19 . . 1*61 

( 2 ) Tlie Jca'pas gave a ginning percentage and lint-index as follo\v.‘^ : — 


Year 

Ginning iiercentage j 

Lint-index 

“1917-18 

42-4 

3-88 “ 

1918-19 

45*7 

4-33 

1919-20 

47-6 i 

4-SO ' 


Tlie figures show a tendency under the conditions of the last two years 
for both the ginning percentage and lint-index to increase. 

( 3 ) The seed was of smaller size than the types pre-^dously describer). 
and 100 seeds weighed as under • — ■ 

Weight of 100 seeds 
Grm. 

1917- 18 .. .. .. 5*27 

1918- 19 .. .. .. .. 5*15 

1919- 20 .. .. .. .. 5-29 

( 4 ) The lint gave the following average measurements on the different 
parts of the seed in 1919-20:-— 

Centimetres 

Lint on tip of seed .. .. 1*59 

Lint on middle of seed .. .• 1*91 

Lint on base of seed .. . •• 
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Fig. 4. Variation in length of staple in the middle of the seed 
in Goghari B21. 


The strain so described is a very heavy yielder in an ordinary year, the f 

best in fact among our strains, but in a year of drought it is miicli afected 
and the yield decreases more in proportion than with the strain ES. The bolls 
,i open well, which is also an advantage as this means ease of picking. These 

i \ ' are its only advantages for with its low and very uneven staple— though it 



may be useful for crossing in order to get higher yield in a district of good 
rainfall—; it is, as it stands, a very low class of Goghari cotton. 

Strain C22. 

All our strains which have been marked as C ” were originally selected 
in 1914-15 on the basis of a small spherical boll. These were picked because 
Middleton ( loo . cit. ) suggests that under the name of Gundi Goghari types of 
cotton with small and round bolls gave cotton of (Quality higher than the 
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averao-e. It was obtained pure so far as boll characters were concerned in 
1917-18, and bas bred true since then. Its chief character as a plant has 
turned out to be lack of leafiness. The plants, though not leafy, are bushy and, 
give monopodia varying in number from two to nine ; the most frequent 
number of this type of branch is five, and in this matter it is similar to A26 
previously described. The flowering was early as. is shown by the following 
figures for flowers produced on twelve plants {ef. .B3 previously given, on 
page 103 ) in 1918-19. 


Number of flowers from October 

11 to 17 

.. 214 

Do. 

do. 

18 to 24 

.. 134 

Do. 

do. 

25 to 31 

.. 141 

Do. 

from November 

5 to 10 

.. 130 


The flowering started earlier, but continued as late as other strains, so that 
its flowering period was longer. As a result of this, it yields the best in dry 
years, as the earlier formed flowers, which inevitably fall if rain occurs, 
are able to form bolls successfully. 

The special characters of the produce in this strain of cotton are as 
follows : — 

( 1 ) The bolls are spherical and small, and the number on each plant is 
greater. The opening of the bolls is poor, showing a tendency to be more of 
the Waged type. The weight of the hapas per boll was : — 

Grm. 

(ffl) in 1917-18 .. 1*78 . 

{ 6 ) m 1918-19 . . 1-61 

( 2 ) The gave a ginning percentage and lint-index as follows : — 


Year 

Ginning percentage j 

Lint-index 

“1917-18 

42-4 

3-88 

1918-19 

45*7 

4-33 

1919-20 

47-6 

4-80' 


The figures show a tendency under the conditions of the last two years 
for both the ginning percentage and lint-index to increase. 

(3) The seed was of smaller size than the types previously described. 


and 100 seeds weighed as under • — 


Weight of 100 seeds 

Grm. 

1917-18 .. 

. - 5-27 

1918-19 .. 

5-15 

1919-20 .. 

6-29 

( 4 ) The lint gave the following average measurements on the difl'erent 
parts of the seed in 1919-20: — 

Centimetres 

Lint on tip of seed 

.. 1*59 

Lint on middle of seed 

.. 1-91 

Lint on base of seed • . . 

.. 1-76 
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Tlie staple in this strain is shorter tlianin A26 and almost similar tu 
.1121 . It is obvious that there is no necessary connection between the small 
{)()11 iuui high quality cotton as was suggested, by Middleton. 

Tlie lint on examination by Messrs. Tata & Sons, Bombay, gave the 
.following values : — 


Year 

Value of lint pee candy of 7841b. 

Fine Broach deehi 

G22 

A20 


Rs. 

Rs. 

Rs. 

1917-18 

950 

775 


1918-19 

600 

450 

450 

1919-20 

500 

280 

300 


On tlie wliole, the strain may be described as a heavy yield er in dry years, 
the best, in fact, among our strains. In ordinary years it yields only 
moderately. Its ginning percentage is higlier in fact than any except E5. 
These are its only advantages, for it has a low and very uneven staple. 
It might, however, be useful for crossing to get a higher yield and higher 
ginning percentage for the drier tracts. It is, as it stands, a very low 
class of Goghan cotton. 

Strain E5. 

This strain of Goghari cotton, whose ginning percentage is so high as to 
place it in a class by itself among herbacewn cottons, and which promises to 
be a very valuable discovery for purposes of crossing with strains of Broach 
desM with better staple, was selected in 1914—16 from a plant bearing bolls 
intermediate in sliape between the spherical ' A’ and ‘ 0 ’ types and the tapering 
‘ B It has been studied in greater detail than the other strain as its 
importance may be considerable in the future. It was obtained pure in 
1917—18 and has been maintained so since that tim^, the boil characters 
breeding true in each generation. 

The plants of this strain are of a less bushy character than those pi'cviously 
described. The number of monopodia varies from none to eight, the most 
frequent being three to four. This character appears to be constant fiom 
generation to generation. The rate of grorvth of monopodia indicates that it 
is a late type of cotton in an ordinary year, but that after three months these 
monopodia grow very rapidly indeed. This is on the whole an advantage as 
late growth and development of flowers are, in Lower Gujarat, an indication 
that there will be less shedding of flowers or bolls omng to ram. In the fourth 
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inonlb the rate of growth of the main stem and of tlic monopodia was ef[iiat 
couiitetl in nodes. The relative growth counted in nodes, at tixe iiimi when 
the flowering was just commeuoiiig in 1910, on the dilferent types of hraiudms 
was as follows : — Monopodia: Primary fruiting branches : Axilla, ry vegertative 
shoots growing on primary fruiting branches : Axillary vegetativai shoots 
growing on the main stem { The growth of vegetative shoots <nr monopodia, 
axillary vegetative shoots growing on primary fruiting brancdies and on 
axillary vegetative branches on the main stem were not noted ) 1 : TS ; 
:0-4:T5. 

It must be recognized that there is a large seasonal factor in such a 
figure, however, and stress must not be laid upon it as characteristic of the 
strain. 

The growth of primary fruiting branches is particuhii’ly vigorous in this 
strain, and is very regular ; as a result they give rise to an excepthnuilly largo 
number of axillary shoots rising from axils at various points in their length, 
a very peculiar character in this and other strains which are cspocia lly vigorous 
in the development of such primary fruiting branches. Such axillaih’.s gi'ow 
much more rapidly than the original fruiting branch and prfjdiu ;e sevmral 
short new fruiting branches, so that they also increase to a conshhirable 
extent the rapidity with which the flowers arc produced. This is very nuu'kcd 
in a year when the rain tends to cause late flowering, an<l almost disappears 
in a year of drought. 

Generally speaking the characteristics just dcscrib(x), are desirable for a 
type of cotton in the area under consideration. It secures, if tliere is a dry 
season, that the flowers lorincd directly on the vigorous primary fruiting 
branches should form bolls, and at the same time, if these fall owing to 
unseasonable rain, there will bo at least as many bolls, rapidly formed later, 
on the special axillary shoots rising from them as described above. It means, 
therefore, that the proportion of the total bolls on the plaiit wiiich are borne 
on tlie primary fruiting branches and the axillaries which rise from tliem is far 
rnoie constant than could otherwise be tlie case. The figures ..actua lly 
obtained with the pre.scnt strain in the two very different seasons of 1918-19 
and 1919-20 are as follows : 1918-19 was a year of very severe drought : 
1919-20 was a normal season, except for late rains in Jaiuiaiy. 

Proportion oj total bolls in the plant lohich are borne on priinar/j 
Jr uiting branches and their axillaries. 

Per coat- 
. 34*3 


1918-19 
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The special, characters of the produce ia this strain of cotton are as 
follows:— 

( I ) Tlie bolls are intermediate in character between the large tapering 
and t lie large spherical type. The opening is complete. The weight of the 
hanas per boil is : — 

^ Grm. 

(a) 1917-18 .. .. 2*25 

(&) 1918-19 .. .. 1*601 . . 

(c) 1919-20 . .. .. 1*41/* 

( 2 ) The ka/pas gave a ginning percentage and lint-index as follows 
Year Ginning percentage Lint-index 

1917- 18 .. .. 46-5 4-76 

1918- 19 .. .. 49-3 S-23 

1919- 20 .. .. 51-5 6’73 

The gimiiiig percentage of 1919-20 is probably above the normal for the 
strain, as part of the first picking was lost owing to late rains. But, in any 
case, the ginning percentage of this strain is remarkable, and it may be relied 
on to give between 46 and 50 every year. This is an extremely valuable 
quality and one of which use can be and is being made in crossing. 

( 3 ) The seed was an average Goghari size. One hundred seeds weighed 

as follows:- Weight of lOO seeds 

Grm. 

1917-18 ■■ ■* •• 


1918- 19 

1919- 20 


6-3. 

5*39 


ry coarse and poor and gave the following average 


Centimetres 

. . 1-40 
.. 1*71 
1-65 


( 4 ) The lint is ve.i: 
measurements in 1919--20 

Lint on tip of seed 
Lint on middle of seed 
Lint on base of seed 

The variation from the mean ( « ) ^-t the tip was 9‘6 per cent, below, ( 6 ) 
at the middle 10-3 per cent, above, and ( c) at the base it was exactly the 
mean value. The lint was, therefore, very uneven on the seed. 

The Unt in the middle of the seed measured as follows, as determined 
from one hundred mea,surements made on seeds. The variation is shown in 
Fig. 6. 


Staple of 1*3 centimetres 
Do. 1-4 Do. 

Do. 1‘5 Do. 

Do. 1-6 Do. 

Do. 1*7 Do. 

Do. 1-8 Do. 

Do. 1-9 Do. 

Do. 2-0 Do. 

Do. 2-1 Do. 


1 

0 

8 

27 

28 
19 
12 

4 

1 
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(^11 the whole, tluirefore, the strain may be described as a good yielding 
oui.‘, lit, tie allce.ted by the character otthe season, giving kapits of the highest 
ginning {)(>ri‘.ent!ig(‘, known among herhaceim cottons, though the tint is short, 
ciinn se, iuul uiu'-ven. tt is likely to have special value for producing a cross with 
Br<)((('h (les/d votioii. For itself, it is almost worthless. ' ' 


lllie relative characters of each of these strains, on the averr.ge, for the 
last two }o;ai's is shown in the following table. Fine Broach deshi cotton 
is taken as being v/orth lis. 500 per candy. 


Strains 

Yield of kwpas 
per acre 

Yield of lint 
I)er acre 

Ginning 

percentage 

Value per i 
amdf/ 

Value per 
acre 


lb. 

lb. 


lls. : 

Rs. 

A2(i 

3ai j 

147 

44-2 

337 

03 

b:$ 

292 

135 

40*1 



1521 

4.GG 

20.5 

44-9 

337 

88 

(122 

309 

172 

4(i-G 

327 

72 

EG 

414 

209 

50-4 

327 

87 , 


7. .(Joyyiparison of the strains q/ Goghari cotton ivith pare-hred Broi'och. 
deijhi cotton. 

The description just given shows the characters oi typical strains of 
Goghari cotton. It is now advisable to put besides them a detailed description 
of one of the typical strains of Broach deshi cotton, which we have isolated at 
Surat^, and which breeds true. The strain was selected in Navsari cotton 
and has been, bred pure under the name “ 1027 ALF ” since 1916-17. 

The plant is bushy, bearing a number of monopodia at Surat of 1 to 10, 
the most frequent number being 6 to 7. Its vigour is less than that found 
in most Goghari cottons and this is particularly the case ns regards the 
development of axillary shoots and branches, and also of primary fruiting 
branches. 

The special characters of the produce of this first class strain of the 
Broa.ch deshi cotton are as follows : — 

( 1 ) The bolls are large and tapering, being very similar to those of 
Goghari except that the surface is smooth and the dark sj^ots arc absent. 
The opening of the bolls is very similar to the most open typo of Goghari, 
ili,e recurving at the edges of the valves being only slight; the weight of 
/oa pens- per boll is: - 

Grra. 

1917- 18 ■ .. .. 1-29 

1918- 19 .. ..1-49 

1919- 20 .. .. 1-39 

f .Surat is forty miles distant from Broach, where the Goghari typos were grown. 
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This weight is smaller than in a,ny of our strains of Goghari. 

( 2 ) The hipis grave a ginning percentage and lint-index as follows : 


Year 

Gin ning p crctni (ago 

Jdnt’index 

1916-17 

33*3 

Grm. 

2*84 

1917-18 

33*0 

3*10 

1918-19 

37-3 

3*37 

1919-20 

33-7 

2*95 


This shows the most obvious difference between the Bfoacli desJii type 
and the Goghari. ■ 

{ 3 ) The seed was on the whole heavier than most types of Goghari. 
One hundred seeds weighed as follows 

Weiglifc of 100 seeds 

- Grm. 

1916- 17 .. .. .. 6*68 

1917- 18 .. .. .. 6*29 

1918- 19 .. .. .. (r0t5 

1919- 20 .. .. .. .. 5-82 

This iSj however, not the charaeterstic of Broach deshi as a whole. 

( 4- ) The lint is long, fine, and silky, and it gave the following average 
measurements in 1918-20. 

Centimetres 

Lint on tip of seed .. .. 2*16 

Lint on middle of seed . . 2*69 

Lint on base of seed .. .. 2*39 


The variation from the mean ( a ) at the tip was 9' 2 per cent, below, { h ) 
at the middle was 9‘6 per cent, above, and ( c ) at the base was 0*4 per cent, 
above. The lint was, therefore, not very different in its variation on different 
parts of the seed from that of Goghari. The lint on the middle of the 
seeds was varying as follows as determined from 100 measiiremeiits made on 
seeds: — 


Staple of 

2*1 centimetres .. 


.. 1 

Do. 

2*2 

Do. 


.. 1 

Do. 

2*3 

Do. .. 


4 

Do. 

2*4 

Do. 


. • lo 

Do. 

2*5 

Do. 


.. 17 

Do. 

2'6 

Do. .. 


.. 2U 

Do. 

2*7 

Do. . . 


.. 17 

Do. 

2*8 

Do. 


.. 17 

, Do. 

2*9 

Do. 


.. 6 

Do. 

3-0 

Do. .. 


2 
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The ,s(;i,))lo is hence very much longer than that hf any Goghari strain we 
know, 1 h(‘. l»iilk oi the lint at the middle of the seed being from 2*6 to 2‘7 centi- 
m<‘tr(‘,s in hnigtli. This is illustrated in the figure below : — 
l**)rcentn''’o 
of easoH 
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■ 
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■ 
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Fia, 7. Variation in length of staple on the middle of the seed in 
1027 ALF. 


T'he lint on examination by Messrs. Tata and Sons, Bombay, gave the 
following values 


1 

Year 

Valve op lint i’ee. candy op 784 lb. 

Fine Broach desM 

1G27 ALF 

Goghari A2() 


Es. ' ■ . I 

Es. 

Es. 

1917-18 

950 

1,089 


1918-19 

600 

762 

450 

1919-20 

600 

650 

.800 


On. the whole, therefore, if we compare this representative strain of the 
hetit Broach desJd cotton with the several Goghari strains which we have 
described, we have as shown in the attached table I 
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TIT. The ideal type op lierhaceum cotton por Lower Gujarat. 

Ahlioiijrli tlu', clitnuto and soil conditions are sufficiently varying* to make 
it |)i’ol)!>l)I(!t (.liiit stra/ms ol cotton with someAvhat different characters will 
furnish the b(>,st and most profitable types of cotton for different areas in 
Lower Guja, rat, yet there are certain features, which our inquiries reveal 
which ought to be })OHscssed by a cotton plant, which can be considered, 
as in any way satisfactory in any part’ of the area specified. These 
cluiracters we sliall liave to describe, but before doing so, it is perhaps 
necessary to insist on two or three preliminary considerations. 

It goes without saying, in fact, that any plant which is selected must be 
pure, and if jjossible consist of a pure line. This necessity has never really 
1 ) 0(01 a,de(piately realized by growers or by traders, and as a result we have 
at present a, mixture of types everywhere, some of which are suitable to 
the tra.cf while some are not ; some give good staple cotton, fsome on the other 
liand are ])oor ; some givv high, some low ginning percentage. Thus apart 
from any regular mixture of the three varieties previously noted, we have 
very extensive admixture of strains of cotton everywhere, which are 
of extremely dilTeront agricultural and commercial value. We wish to 
insist on this jioiiil. because it is often supposed that provided the Qogliari and 
W<t(j(i(l types are eliminated, the Broach deshi which remains will be uniform 
and of iiigli quality. This is by no means the case, and it is necessary that 
tliere sliould be available definite pure strains of the best variety of cotton 
forea,cli tract wliicli can be grown with certainty of the quality of the 
produce. This is not the case at present even when the so-called pure 
JSfavasari or Surat staple cotton is grown. 

Tlie second necessity of an ideal type of cotton is that the staple and 
ginning percentage sJiould be as high as possible, consistent ufith a good yield 
of kapas. Up to the present, the possession of good staple has been con- 
sidered as lilcely to occur with a cotton giving a poor ginning out-turn and 
generally poor yield in the field. All the definite evidence, however, would 
semn to indicate that there is no necessary connection between high staple 
and either low ginning percentage or Ioav }deld. With regard to the latter 
poinfi an experiment was made in 1908-09^ of transferring large quantities of 
Broach seed from Navsari to Ahmedabad for cultivation. This, though 
Um best stapled seed in the province, is in its ow%home a very low 
yicldei', but at Alimedabad it proved to be equal to local types of Broach 
deshi in. this respect. Its ginning percentage remained lower than that of 

^ 4 nmial Beportf Surat AgricuUural Slatim, 1908-09, |). 62, 
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tlie local types grown, but there was no complaint that it did not yield 
equail})' well. 

With regard to the supposed connection between staple and low ginning 
percentage, the negative evidence is still more clear, and we have succeeded in 
obtaining strains of cotton which are at the same time of better staple tlian 
that usually grown, and which give a large ginning out-turn. The following 
table shows the average for ordinary Surai {Broach deshi ) cotton grown at 
Surat in tliese particulars together with the figures for three strains which 
have been selected from it in 1919-20 : — 


TyiJe of cotton 

Staple on 
middle of seed 

Gignning per- 
centage 


om. 


Pure jSiO’oi cotton average 

2-30 

.33'1 • 

Selection lA ( cylindrical boll ) 

2-56 

37- « 

Selection lA ( long boll ) 

2-50 

39'1 

Selection 1027 ALF 

2-61 

33'9 


These figures prove that an increase in staple and ginning percentage 
may be obtained at the same time, and if this is the case, it opens up possibi- 
lities for the development of cottons in both directions, hitherto not adequately 
realized. 

But if we get pure cotton of the maximum ginning percentage and the 
greatest possible length of staple, there are certain characters in the plant 
in Gujarat herhaceum cottons which seem to be needed in order to obtain the 
best yield of bolls and hence of Jcapas under the climatic conditioiLS of Lower 
Gujarat, To make the matter more clear, we may note that these cottons are 
sown in June and are reaped in January to March of the following year. Fairly 
general rain may be expected in a normal year until earl}’' October, with occa- 
sional showers later, though sometimes considerable rain falls after this time. 

These characters are as under :~ 

1. The plants must be able to resist heavy rain when very young, that 
IS to say, when they have less than six leaves. The character of tlie minfall as 
well as the soil in Lower Gujarat is peculiar. The soil over the greater part 
of the cotton growing tract is of a heavy black type. Now this cannot be 
protected against excessive rains by being formed into small ridges, for the 
slimy character of the w'et soil causes such ridges to disap^iear very quickly if 
the rapidity with which the rains come is such as,, to over-saturate the soil, 
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And tlie rain in the latter part of Jane and especially in the early part of July 
i) t Siiiah, for example, is such that excessive falls are very frequent ; if the 
plants are on small ridges these latter disappear and the plants are covered 
up ; if they are on the flat they are drowned by being compelled to remain in 
water-logged soil temporarily. Hence every year the mortality among the 
cotton plants is considerable and very often whole fields have to be resown. 
Some strains resist this drowning better than others. Among Broach deslii 
strains, we have one ( Selection 1 A, cylindrical boll type plant) which resists 
better than any other we know. Similarly one of the strains of Goghari 
previously described ( B21 ) is equally good in this respect. 

2. The plants must possess the largest number of monopodia, i.e., the 
vegetative branches formed in the lower part of the main stem, the number 
and vigour of which very largely determine the bushiness of the plant. They 
give rise to secondary fruiting branches, which bear a considerable proportion 
of the yield of the cotton plant in Gujarat, and as the flowers on these shoots 
generally appear at a time when they are not likely to be spoiled by rain, it 
is very important that they should be encouraged to the greatest possible 
extent. That there is a probable relationship (other things , being equal ) 
between the number of monopodia and yield is shown by the following 
figures for three strains of Broach deshi cotton at Surat in 1920, which differ 
markedly in this respect. 


Strain 

Nuitrber of 
monopodia 

Yield of kapas 
per acre 



lb. 

1 A cylindrical boll type 

6 

im, 

01 

5 

693 

1027 ALFP 

4 

517 


This difference will be less marked in a very dry year as in 1918-19, but 
in a normal year such as occurs in eight years out of ten, the above figures 
will indicate what will certainly happen. 

The reason of the advantage which the strain with many monopodia 
will show, lies in the fact that the cotton is planted in June and on account 
of tlie rain it is not desirable that flowers should appear in large numbers 
before the middle of ISTo^mmber. We refer to this matter again under 
item 4 below. 
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i’j. There shonldbethe miximwni dewdopnmtoj vegetafdve hranchmon 
ilie plant ( monopodia and axillary vegetatioe shoots arising jrom the main f 

stem. ) 

Tills is illustrated by the following figures, in wliicli in 19ll)-'i0 we have . 

measured tlie total growth of the vegetative branches in nodes, in tliree | 

strains and compared them with yield. 


Strain 

Total growth of 
vegetative branches 
in nodes 

Yield of 
per acre 



lb. 

1 A cylindrical boll type 

4,318 

756 

01 type 

3,863 

693 

1027 ALF .. .. 

3,596 

sr; 



While these figures are not enough to prove absolutely the connection, 
yet they indicate the direction in which high yield is to be found in Gujarat. 

4. Flowering should not commence till November 15th and should bo 
completed before the end of January. 

The reason for this is that before the middle of November fine weather 
cannot be relied upon, and if rain or cloudy weather occurs, there is a very 
large shedding of fiower buds. Hence it is wise to have a plant, if this is 
possible, which does not produce many flowers before that time. The 
...i flbWering must be completed before the end of January, because the whole 
!P'-\ .harvest made before the end of March as, owing to the very high 

temperature “flunug March, April, and May in Gujaiut, there is a very huge 
of tFje' ’immature bolls which remain on the ])lants. Tlie most 
fa voiiraHo'ti'in^f or the flowers to form is from the middle of December to 


^clls should be large and should open completely. The size of 
the bolls- is a minor point but does lead to clieaper and easier picking. Tlicj 
complete opening of bolls makes picking so much easier that it is a matter 
of considerable importance. 

These ('haraeters are not met A\fith to an ideal extent in any (jf the 
cottons now cultivated. The nearest to them at present is reached 
perhaps in the 1 A long boll type above referred to, and in some respects 
in 1027 ALE of Broach deshi, which is particularly suited for the 
Navsari area. These are heuce being now multiplied on a large scale. But 




plate vn. 



position of the accessory bud, ri| 
1, Primary fruiting branch witl 
watch. 

2 & 4, Primary fruiting brancht 


a flower at the third node. The spiral is against the hands of 

les with a flower al tile second node : the spiral is by the hands of 




PLATE Vni. 



A shoot. The axil of a leaf having a primary fruiting branch, A ; 

accessory primary fruiting branch. B ; and axillary vege- 
tative branch, C; position of the accessory bud, left. 

A, Flower at the second node ; spiral of the flower 
against the hands of a watch. 

B, Flower at the first node and still the spiral is against 
the hands of a watch, because it is directly from 
the accessory bud. 
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tliey are nevertheless deficient ill some of the characters most to be desired, 
and if the ginning percentage could be built up by crossing with one of the 
Goghan strains, it is possible that new strains superior to either could be 
obtained. It is in this direction that work is now being largely done and in 
which future progress towards the ideal is now likely to be achieved. 
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APPENDIX. 


CERTAIN morphological CHARACTERS IN QOSBYPIVM EEBBAOEVM. 

1 . The fate of a;ccessory buds occiiring in the axils by the side of primary 
fruiting branches in Gossypiimi lierhaceimi, may be of several kinds ; either 
such accessory bud may remain dormant as occurs in a good many of the buds 
near tli e base o f the cotton plant, or it may develop into an axillary vegetati ve 
branch and this is what usually happens in the middle part of the main stem 
of the plant. There is, however, a third possibility that these accessory buds 
should develop directly into primary fruiting branches so that there would, be 
two such primary fruiting branches arising from one. axil. This third 
possibility has never been noticed on Indian cottons ; indeed Leaked has 
definitely stated that this does not occur in Indian types and that the 
branch from the acces,soTy bud is never sympodial, 

Burt and Haider^ have found the character common however in Cawn- 
pore- American cotton and they state that flowering branches are found to 
arise from flowering branches. This character is inherited regularly and 
appears in all plants of a race though in a varying degree and, when well 
developed, is often as.sociated with the appearance of flowering branches from 
the accessory bird on the main stem, on the monopodia, as dvell as on 
the axillary vegetative branches near the top. 

We have found that the phenomenon in c|uestion is very common also 
among plants of Gossypium herhaceum grown at Surat. A doubt might occur, 
however, as to the nature of these shoots arising from the accessory buds 
especially as Leake classifies such cases as apparent exceptions and state that 
they can be traced to local damage. That this is not the case, can, however, 
be clearly proved by a consideration of the ae.stivation of the flowers on the 
two primary fruiting branches arising from the main and accessory buds in 
the same axil, which should always be in the opposite direction to one another. 

1 Leake and Eaniprasad. “ Studies on Indian Cotton.s, Part T— The Vegetative 
Characters.” Mem. Dept. Agri. India, Bot. Series, VI, no. 4. 1914 ; and also in “ Ohservations 
on^o^ertam Extra-Indian Asiatic Cottons. ” Mem. Dept. Agri. India, Boi. Series, IV, no. .T, 

a Burt and Haider. “ Cawnpore-Ameriean Cotton, ” Pwsa. Hw.Zileim no. 88. 1919. 
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If, Iiowever, the accessory bud had developed first into a vegetative braiicli 
however small, which had then given rise to a sympodium, the sestivation of 
the flower on such a sympodium would be in the same direction as on the 
primary fruiting branch arising from the main bud. In all the cases which 
we have examined, and such cases are very common in the upper part of the 
plant at Surat, the aestivation of the flowers is found to be in the ojjposite direc- 
tion on the two primary fruiting branches arising from the node in one axil. 
This proves, we think, that in Gossyjnwn herhaceum Surat at any rate, both 
buds in an axil may form sympodia. Illustrations of such occurrences will be 
seen in Plates VII and VIII. 

The following example will make the point clear : — 

Suppose that the position of the accessory bud is on the right side of the 
main bud. The sestivation of the flower at the first node of the fruiting branch 
developing from the main bud, will be against the hands of a watch, wdiile the 
asstivation of the flower at the first node of the fruiting branch developing 
from this accessory bud will be in the same direction as the hands of a 
watch. 

In the case of the flower at the second node of the fruiting branch 
developing from the main bud it will be in the same direction as the hands 
of a watch, while in the case of the fiower at the second node of the fruiting 
branch developing from the accessory bud, the sestivation will be against 
the hands of a watch. This rule is applicable at all further nodes. 

The opposite is the case in both sorts of branches when the position of the 
accessory bud is on the left of the main Mid. 

2. The leaf-factor. In connection with the various species of Gossy- 
■pium, the term leaf-factor ” was introduced by Leake^ in order to define by 
a single figure the relationship between the breadth of the middle lobe of the 
leaf and the indentation of the leaf, and though some doubt has recently been 
raised by Kottur as to its simple character, yet it is a convenient figure for 
the purpose in question. There is a good deal of interest attached to the 
consideration as to how the shape of the leaf as thus described varies on different 
parts of the plant, and Leake has stated that in his observations the leaf- 
factor of the leaves on the primary fruiting branches is the smallest, on the 
main stem somewhat greater, while on the monopodia it is the largest of all. 
This relationship applies, according to Leake, to all types of cotton which he 
has examined. 

So far as various strains of Broach desTii and Goghari types of Gossy 2 )i'um 
herhaceum grown at Surat and Broach are concerned, we have found, however, 
Journal of Genetics, 220, 1Q10~11, 
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results wMch difier slightly from those noticed by Leake. According to onr 
observations, while the leaf-factor of the leaves on the primary Juiiting 
brandies is the smallest ( as Leake states ) the leaves on the main, si (.nn tiiein- 
selves vary a good deal and the results differ with difierent varieties. While 
the leaves on the lower part of the main stem in Brjach deshi .have a smaller 
leaf-factor than those on the monopodia, those on the upper give a higlier 
hgiire. Ill Goghari, on the other hand, our figures indicate that it is larger 
on the leaves of the main stem. The average figures for the different types 
of leaves in 1919-20 are as under : — 

Leaf -factor. 

Broach deshi strains Goghari strains 


Primary fruiting branches 

1-08 

0*92 

Lower portion of the main stem . . 

Upper portion of the main stem { Leaves above the 

1-14 

1*14 

15th leaf) .. .. .. .. 

1-38 

M7 

Monopodia 

1-24 

1*08 


3. Growth period of various types of branches. There are, as has been 
frequently noted in connection with the cotton plant, four types of branches 
in connection with which flowers and bolls may be formed. The period of 
flowering and the length of time that the flowering lasts depends very largely 
on the relative development of each of these types of branches and Bence it 
is of some importance to ascertain the growth period of each type as one of 
the factors which determines the yielding capacity of the plant. The various 
types of branches involved are : — 

( 1 ) The primary fruiting branches or sympodia. 

( 2) The monopodia or primary vegetative branches which bear 
secondary fruiting branches. 

( 3 ) The axillary vegetative branches occurring in the axil of the leaves 
on the main stem, by the side of the primary fruiting branches, which also 
bear fruiting branches. 

( 4 ) The axillary vegetative branches occurring in the axils of the leaves 
on the primary fruiting branches, which also themselves bear fruiting 
branches. 

Now the first flowering in this type of cotton occurs on the primary 
fruiting branches, the next on the fruiting branches arising from the 
monopodia, and last come the flowers borne in connection with the 
axillaries. It has been stated by Leake^ that, in his experiments on this 
type of herhacewm cotton, the vegetative period or the period between sowing 
and the appearance of the first flower was about 207 days, and he draws the 
1 Mem. of the Dept, of Agri. India, Bot. Ser., VI, no. 4 { 1914 ). 
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contrast between this and the corresponding period in the sympodial 
cottons where it is 80 to 90 days. 

So lar as Gujarat is concerned and with Broach desM variety, we find that 
this vegetative period is much shorter than is stated by Leake. In 1918-19, 
wlien the long drought and low rainfall gave an opportunity for the first 
formed flower buds to develop, the vegetative period for Broach deshi 
strains was only 120 days. 

In 1919-20, however, when owing to rain and bollworm attack, the first 
formed flower buds were destroyed, the period extended to 135 days. But 
both of these figures are far below that given by Leake, and it is probable that 
the exact time is very largely a matter of climatic conditions under which the 
cotton is grown. 

The period during the growth of a Broach deshi plant required by the 
first branches of each land as appeared at Surat, was as under in 1918-19 and 
1919-20 

The first monopodium appeared in both years between 1 to 1-| months 
after germination ; the first primary fruiting branch was noticed between 
1| to 2 months ; the first axillary vegetative branch on the main stem appeared 
after 2 to 2-| months growth ; and the first axillary vegetative branch on the 
primary fruiting branches appeared after 4 to 4-|- months. 





UIJS-BAOK OF (jH11.L1.es (CAPSICUM S'PP.) IN 
BIHAK. 


BY 

JBHANGIR FARDUNJl DASTUR, M.S 

I R(KH'iv(;‘fl. for publication on 23 rd A|iri'. 1921 . 1 

liiE most serious disease of cliilJies (Cajmcum anniium and 'C, 
fpiiteseeris) in Rihar is the die-back disease, due to V ermicnlnria Capsid 
feyd., wliicli causes considerable damage to the crop, in years when there 
is coutiniious rain or high humidity in the latter half of September and 
beginning of October. In .Bihar, the disease fii’st appears in the end 
of Soptomber oi m the lirat half of October, when the plants are mature 
and have commenced to flower. It spreads vimlently from field to field. 
In severe cases of attack the plants are either completely killed or so 
badly diseased that the yield of healthy fruits is negligible. The first nip of 
the dry cold weather puts a sudden check to the progress of the disease which 
eventually dies away ; the plants then recover and put forth now healthy 
Hhoots. The critical, period when the plants are subject to the attack of 
the disease is, therefore, of a short duration, about four to six weeks. 

Plants growing under shade have been observed to suffer very little from 
this disease. Late sown crops are also very little affected but unfortunately 
• yield a very poo.r return. Fruits that mature before the beginnlim of 
December get badly diseased, to the extent of about 35 per cent., but those 
that ripen later escape the disease, the percentage of infected fruits after 
fbhe middle of this month being negligible. 

Macroscopic characters. 

(a) file stem. The attack as a rule commences from the growing point 
or the flower-bud, and therefore the presence of the disease in tiie early ata.re 
of attack IS marked by the top of the affected branches withermg and tumuio 
brown (1 late I, l,g. 2). The plant dies back as the attack spreads downwards" 
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when it reaches a fork the infection runs up the sound Hnd). In some cases 
the attack starts not from the growing point ])ut from a wound ou th<^ siciin. 
As the disease progresses, the infected part of the stem takes on an enanudli'd 
white colour and is sharply demarcated from the healtliy green hark hy a Mack 
line running round the, whitened area. The white of the diseased part is 
punctuated by scattered black bristly and minute elevations, wliicli are the 
acervuli of the fungus (Plate I, fig. 1). 

(h) The fruU. The fruits become visibly diseased when they turn red, 
very seldom while they are still green. The first outward sign of infection is 
the appearance of a small black circular speck, generally sharply defined but 
at times diffused. The disease spreads not concentrically, but more in the 
direction of the long axis of the pod, so that the originally circular spot becomes 
more or less elliptical. As the infection progresses the spot is (uther difi’u.sed 
and black or greenish-black or dirty grey, or is markedly delimited by a thick 
and sharp black outline enclosing a lighter black or straw'-coloured area. 
Two or more diseased spots may become confluent, thereby destroying f.he 
regularity of the individual spots, but the delimiting black line is not always 
completely obliterated where the infected areas have ujiited. Badly diseased 
pods lose their normal red colour and turn straw-coloured or in some cases 
pale white (Plate I, fig. 3). The acervuli are generally densely gregarious or 
scattered all over the infected parts ; at times they are concentric. I'hcy 
project a little above the surface of the pod and are bristly and carbonaceous. 
The spores ooze out of the acervuli in pink masses or strings under moist 
conditions. 

When a diseased pod is cut open the lower surface of the skin is found 
covered with minute, black, spherical elevations ; these arc the stromatic 
masses or sclerotia of the fungus. In advanced cases the seeds are covered by 
a felt of white mycelium, in which are embedded a few black or grey-green 
stromatic bodies. Infected seeds turn rusty in colour. 

Microscopic characters. 

{a) The stem.. Sections through a slightly diseased stem show the infected 
tissues to have turned yellow or brow-nandthe cell cavities to be filled witli a 
Similarly coloured gummy substance which hides the hyplue. The use of 
clearing agents helps in disclosing them. The tissues outside the xylom are 
more readily discoloured and destroyed than the xylem itself. Diseased xylem 
tissues get discoloured, hut not so much as the soft outer tissues ; and the 
presence of the hyphse within the vessels can he clearly traced. Even in very 
advanced cases of attack, the xylem vessels have not been found choked 



EXPLANATION OT’ TLATE I. 

V tmiidcidoria Oapaki Syd 
Fi". 1 . A discas-ed stem, natural size. 

„ 2. Early stage of die-baek showing infection through flowers and flower- 

buds, natural size. 

„ 3. Two diseased fruits, natural .size, 

„ ■ 4. An acervulu.s x 240. 

Figs. 5-7. Parts of sporodochia X 503. 

Fig. 8. Germination of conidia X 240, 

„ 9. Stroma formation in the c]jidei‘mal cells of fruits .slunving partial 

de.structioii of the cuticle x 327. 

Figs, f) and 7 have been reproduced frc»ni “ Fungi and Disease iii Plants ' 


witli the kind permission cd the author, Di-. Jil. J. Butler. 
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with niycclinin as iti, the vascular wilts, and this explains wliy a healthy 
leaf or jtod is sometimes found attached to a stem completely ringod by the 
white diseased bark. 

(h) The Jmit, In the walls of the fruit the fungus overruns tlie soft 
tissues, (h'stroying the cells. In the early stage of attack the cells are filled 
wit]] a brown or yellow gummy substance which is not found at a later stage ; 
the. fungus also acts on the chromoplasts. The different colours of the diseased 
]iar1 s of the fruit are due to the quantity of the gummy substance present in the 
infected cells and to the extent to which the chromoplasts are altered. In the 
celts, a layer or two below the epidermis, the hypha? commence to aggregate 
together, forming a loose mass of pseudo-parenchymatoiis cells, sub-hyaline 
or slightly brownish in colour. In the epidermal cells tlieinsohu's a compact 
dark brown stroma of ])seudo-parencliyma is laid down. Under the j)re.ssiire of 
the growth of this stroma the cuticle is ruptured and lifted off the epidermal 
cells. The cuticle is not simply pushed up and ruptured by the fungus but is 
also partially eaten away (Plate I, fig. 9). On the surface of the brown stroma, 
now exposed to the air, a further development of lighter coloured fungus 
tissue, compo ed of elongated and narrow cells in almost parallel rows, occurs. 
The stroma of the acervulu is thus partly below the epidermis and partly 
above it (Plate I, fig. 4). The surface cells of the stroma become basidia 
(Plate I, fig. 6). The latter are hyaline, long and narrow. The conidia are 
hyaline, falcate, with an oil globule in the centre (Plate I, figs. 5 — 7). Set® 
also arise from the pseudo-parenchymatous cells towards the surface of the 
stroma. They are abundant, simple, stifi, erect, septate and dark brow.n 
(fuliginous) in colour except at the tip which is lightly coloured. They 
occasionally bear conidia which are similar to those borne on the basidia 
(Plate I, fig. 5). 

On the inside of the skin acervuli are not formed, but there are instead 
small round black or dark brown raised solid bodies composed of pseudo- 
parenchymatous cells formed by the conglomeration of hyphae. These 
sclerotia-like bodies are also found on the thalamus. 

(c) The seed. The inner walls of the normal cells of the seed coat are 
enormously thickened and finely .striated. The outer wall is also thickened 
but very little in comparison with the other walls. This outer wall is com- 
posed of cellulose, while the inside walls contain both cellulose and lignin.* 

* Wheu treated with an acid solution of phloroglucin the inner walls of the seed coat 
show di.stinctly two layers. The centre of the thickened walls takes a red colour which 
.sliowsthc presence of lignin, while the rest of the thickened walls become-s light yellow 
in colour ; but with Schulze’s solution these parts stain blue, being oomp'ssed of cellulose, 
and the centre stains yellow. 


[:yi 


DIE-BAOK Ob' CHILLIES IN PIHAH 


Tlie fungus liyphtB enter tlie seed coat directly tliroug'li tlie oui.(u- (‘('llidnsc 
wall. The hyplia, without necessarily forming an appi-essoriuni. l)ores iis 
way through t]](^ upper wall and enters the cell cavity (Plate IL fig. 1). In 
hadly infected seeds this upper wall has been very oftiui fouml to he 
destroyed. The hypha now crosses the coll cavity and reaches the 
thickened inner walls. Here it swells at the point of contact, and from 
this swelling an exceedingly fine process is put forth which bores its way 
through, delignifying the wall (Plate II, fig. 5 . As the result of dolignifica- 
tion, cellulose is left. That this happens is clearly seen by the action of 
Schulze’s solution; the tunnels in the thickened walls formed by the liyphio 
take a blue colour with this reagent. 

Thus, unlike the hypliu) of IMacrosporium Solard Cke., ' which infect tin' 
tomato seed through the micropyle, the hyphac; of Vermiouhria Caimv,i 
Syd. enter the perisperm and endosperm directly through tlu'. seed 
coat. 

In the infected chilli seed there is no formation of a thick weft of compact 
mycelium between the seed coat and the endosperm, as found by Miss Massee 
ill the case of the hybernatiiig mycelium of Maefospofium, Solani Cke. in 
tomato seeds. Even in advanced cases of attack the testa of the chilli seed is 
in contact with the inner tissues except Avliere stromatic bodies are formed 
in the cells adjacent to the seed coat which is consequently slightly lifted uj) 
at this place. The hypliai are septate, of variable thiclmess, inter- and intra- 
cellular, and hyaline, but they turn brown when they collect in masses to 
form stromatic bodies. These bodies are composed of small psetido- 
parencliymatous cells. They are found both in the cells of the seed coat and of 
the inner tissues. Some sections of diseased seeds have sliown fruiting 
pustules embedded in the inner tissues. 

An infected seed in which the embryo is not attacked will germinate ; 
but conditions suitable for the germination of the seed are also favourable for 
the dormant stromatic bodies within the seed and on the seed coat to resume 
their activities ; these stromatic bodies have been found to remain viable for at 
least a year. Therefore there is the danger of the embryo getting diseased at 
any stage of its germination as long as any part of it is within the seed coat. 
The infection may spread through the diseased endosperm or from tJic outside 
of the diseased seed coat to those parts of the germinating embryo in contact 
with them.' If the infection takes place when the cotyledons are still completely 

^IMayact', J. On the rreaence of Hybernatinj,; Mycolium ' of Macw.'tpnrium Hvltini 
Cko. in Tomato Seed. ATw BmW., 1914, No. 4, p. 14)“). 
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EXPLANATIOJSr OP PLATE 11 
Vevmiculmia Capsid Syd. 

A Iiypha penetrating the cuticular layer of the epidemiis of a fruit 
by means of a line lateral projection x 624. 

A hypha from an apprcssorium penetrating the cutioular layer 
through a natural crack in the epidermis x 624. 

A branched hypha in the cutioular layer x 624. 

Hyphm in the cells of the seed coat x 576, 

An acervulus with setae forming a pseudo-pvcnidium (early 
stage) X 266* ' ' ^ ' 

A group of appressoria forming a stroma x 266, 







.1 iiooil coat, tile germinating enibiyo is killed almost at once, 
len only a pa rt of the cotyledons are within the seed coat, tlie 
)e tolal destruction from the disease and may grow into a 
ecially ii. the weather is dry enougli to checlc tlie fui^ier 


Cultures of the parasite. 

iShear and Wood' have found sterilized corn meal and corn-meal agar 
to be satishictory media for growing the ascigeroiis^ stages of some fungi 
' an sing autliracnoses. Kriiger^ succeeded in getting the perfect stage 
ol (Jfuyt^jnrijun urns, man on potato stems completely or partly sterilized . 

VcnnirH/arin(!ap,sicihAH been cultivated many times on these media 
and on sevtMui otJuvrs, but the perithecial stage has not as yet been obtained. 

In agar media tin; (^aiiy growth of the fungus is slightlyajiial, white and 
lloccose. As ii. grows ii, lorms a tJiick leathery mat of interlacing hyaliue 
Jiypiue on i he siiiiacti oi the medium. In four or five days after inoculation 
black raised bodies like pin-heads are visible. These are either the acervuli or 
schnoida ol idie Jimgtis. A band oi: black or brown stromatic tissue is formed 
vvliere i Ins agar shini- touches the glass slides. As the culture grows old, stro- 
nintic {)lates are laid down, closely in contact with the surface of the medium. 

Jh(^ an.“ial hyp, ha;) are uiiitorm in thickness and do not bear conklia like 
those oi (r/a'otijiormm 2>i'peraf,mn. Tlie mati:ed hypha^ on the surface of the 
medium and tlie hyphm in its substance vary a great deal in breadth. Some 
are e.Ki j-emoly (ine, while others are very broad. The cytoplasm of the broad 
liyplia), especially of those within the medium, is highly vacuolate. As the 
culture grows old, large hyaline vesicles appear as offshoots of the mycelium or 
sii(,>rt branciies of the mycelium become veiy much enlarged at the tips. 
.Daughter lij^phai occasionally arise through the septa from within the 
parent hy pha,. All bypha) are hyaliue except those that form acervuli, sclerotia 
and stromatic masses. 

riie acervuli in culture media appear as round black bristly heads. They 
are identical with those found on tlie host itself. 

Ptii‘.i«lo-j)if(‘india. Acervuli, e.specially when old, are aoraotimes roofed 
ov('r by a network ol biown-coloured liyplno formed by the profuse branching 
ol some ol the setie and the marginal cells of the acervulus. 


‘ Sliwir, (.!. L., and Wuud, A. K. Studic.s of .Faagou.s P.arasit.es belonging to the 
<i(.'iiu,s (IlfUHd'flhi. U. iS, Ocpi. A(jr;. Bur. PI. I, id. BuU. No. 2o2, p. 15, 

Kfiiger, b, Ueilriige zur K nintuis einiger Ghmsporim, 1 and U- -Irb. iiio/. 

Ah-a. j\ Lond-and For.awin,scli<iJt, IN., Pt.2, i}.21i,Vm. 
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Bderolia. These bodies are formed in two way,', : (1) J lypliiu (iolleet. 
together and form a solid black ball. On sectionmg, this is found to he com [)os('( 1 
more or less uniformly of brown pseudo-parenchymatoua cells, hut in soiik! 
cases there is a slight differentiation into cortex and medulla ; the (‘('Utral (-('lls 
are large and thin-walled and the peripheral cells have a smaller luuKm and arc', 
thick- walled and deeply coloured. (2) At times what is potentially an 
aoervulus is transformed into a sclerotiiim. As in the case of a noi’mal 
acervulus, a base of brown-coloured pseudo-parenchyma is laid down. From 
this arise dark coloured setce and parallel rows of light coloured thin and 
septate hyphoe which in the course of normal develo])ment wouhl have borne 
basidia and spores; interspersed with the.se fine hyplue are found broad ones 
from which barrel-shaped cells are cut off. By the ri'jjcated hraaicliitig of ,S(4a? 
and liyphte and by formation of lateral outgrowths, a sclerotiiim is thus formed 
in place of an acervulus (Plate II, fig. 7). Sclerotia often have seta; like those 
of F. vafians Due. on potato. 

Stromatdc masses. In old cultures on agar media stromatic plates are, 
laid down closely appressed to the surface of the medium. The.se plates urn 
composed of brown septate hyphas. They seem to be filled with, some resorvii 
material. When hyplue from the agar medium come in contact with the 
sides of the tube they bear appressoria ivliich rim into chains (Plate II, fig. 8j. 
These chains unite into small triangular black or brown stromatic masses 
which creep up the sides of the tube and form a band round the margin ol 
the medium. 

On sterilized stems of Capsicum sp. and potato very little lerial g].'o\\ifi i.s 
formed. Sclerotia and acerviili are produced in abundance. 

When the acervulus becomes old and dry it is covered by a mucilaginous 
hard coat which, keeps the enclosed mas of spores viable for seve,i'al mont hs : 
but the conidia are very .short lived if they get sepai*ated from the mass. 
Spores germinate in ordinary water by giving out germ-tubes from near tludr 
ends. When the germ-tube has grown a .short distance there is formed at its 
end an apju'essoiiiim. In some cases the germinating spore divides by a 
septum at the middle and may become coiLstricted at tliis jioiiit (Plate J, lig, 8), 
The germ-tubes do not anastomose as those of Cd-mos^mnum. pipcraf.um- 
,E. & hh They do not form secondary conidia on their tip.s or on lateral 






branches. 

Sclerotia and stromatic ma.sse.s may resume growth imm(idiat('ly under 
favouralile conditioms, but they are capable of retaining tluur vita, lily 
lor several months. They “germinate’' bj^ giving out hyaline iiy})iue fronx 
their cells. 
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Inoculation experiments. 

^ Ail the luociilatious were done with cultures originally started lAnn a 
single spore. 

CUllios. Seedliags grown in sterilized tubes containing moist cotton 
plugs from seeds removed aseptically from healthy cbilU pods were inoculated 
mther with spores or with hyphai. The eflect of the inoculations was noticed 
thiee or four days by the moculated parts turning brown. The infection 
spiead lapidly and hlled the seedlings in a couple of days ; Vermicuhna 
acorvuh were produced m abundance. The snccess of the inoculations and the 
spread o the infection depended upon the amount of moisture present in the 
^ubes. 11 there was not sufficient moisture when the seedlings were 
moculated, the moculations did not take. If after the infections had started 
the amoimt of moisture was reduced below a certain limit, the spread of the 
disease was checked. 

Growing points and flowers of plants raised in pots were inoculated 
and tept mider bell jars in the laboratory. The inoculations hi some 
eases tailed, and m otheis where the infection had started it did not make 
much progress ; but it the inoculated plants were kept in a moist atmosphere 
y covtumg the inside of the bell jam with moist blotting paper the 
luocu atums invariaMy succeeded and the infection spread rapidly, killing 
back the plant. The first signs of successful infection are the turning brown 
and rotting of the inoculated growing point or flower. As the hifection 
spreads, the plant gradually dies back. Inoculations done on umvounded 
woody parts of the .stem were misuccassfnl ; wounded parts could be inoculated 
but not as readily and rapidly as the growing points and flowem. 

Mature pods ivere readily infected but not the green fruits. 

^ ttcrotomic sections of moculated pods show that the hvphai enter the 
dan directly or through natural cracks iu the thick cuticle (Plate II, fi=-s, J and 
2)^ m the former case the hyphse form an appressorium before enteim- the 
mibrokeii cuticle, unlike those attacking the seed coat ; a very line process 
wmch penetrates the cuticle is produced from this appressorium. As long as 
the hyplia is m the cuticle it remains exceedingly fine (Plate II, figs. 2 and 3) ■ 

mf eeli 

( tlate n, fig. 2). It sometimes gets branched when within the cuticle. 

Heeds of chillies have also been successfully inoculated. In the early 
stage of infection the seeds became rusty brown. Aoervuli and' selerotia 
were lormed on the seed coat and in the inner tissues as well under moist 

conaitious. 
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.armi Papaya. Flowers Carka Papaya have given .siiccessfui iiioenlu, 
ions. rh(3y showed in two days a brown, water-soaiced a].p( 3 ai'ane,e ai; Uie 
i) a«! ol inoculation. Vmmmihmn acorvnli were produced in lour dav.i- wrv 
youiiK Irmts could be inoculated either through wound,, or througdi s.nin 
c } a en peta s. Ihe beginning of the infection was marked ])v a ciroiil;i,r 

depression at the inoculated part. - 

Yigm Catjemg and Bol^s hlhb. Pod, of these yegctahle, did not take 
he mooulation so readily a.s flowers and young fruits of Garim PnjKi,/,,. It wa.s 
. most a week before the first symptoms of the infection were seen. ' The inoe,,- 
. .td pods of I igKB Catjmuj became water-soaked while those of Bnlicim 
laUab were depressed as the result of infection. 

Mdnngem. Ruits of brinjal showed a slight browning in nl.ou, 
littlelte t r° '’'’“'’5’ the ci-idermis, 

1 tklatu t ie brown area became .sunken and then black. The inrecte.l 
ea was black m the centre and brown at the margins. Hlack acervuli 

grovdihwas Thh!tlT dhl a pmictiirc a Hcabby 

police only a tew scattered acereuli. Undeineath this scab tl„i Uss 1 
wtie lotting and had turned brown, 

(M.ma sp.,. Kreucl, 

sugarcane (Saedmrum o$aina„m) and Pm-fihim mlfiL have failed, - ' 

Treatment. 

It was at first supposed that seed .selection would lairl.aps pfiv -ui 
important part in controlling this di.se.we, hut the desired rest It hal all been 

pibtoned under held conditioiLL 

Healthy and infected seeds were sown in two .seiMiato .seed hods Tl.e 
gerimnation of ty infected seed.s was poor, about 00 to 70 per cent an„ m 
to lo per cent, o the seedlings died of the disease before the cotviedons l,.!,l 
compldely opened. The geniiiimtion of the healtliy seeds was normal aiiil ant 
a smg e seedling wa.s uifected. Heedliugs giwra from infeeted seeds showed ■, 
ghtly poorer grmrthtlian tlmse raised from healthy seed,s an.l tlii.s dilfereaee 
onid ho observed lor some time after the seedlings were transpl-inted in (wo 
separate plots ,n a field i but it gradually wore offh.d at the 
. lie plants m both the plots were equally vigorous. The lield ia whh h tl.e 
plants were transplanted had never grown chillic. before, and in faC w!:i 
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brouglit under cultivation only the previous year. Nevertheless . the disease 
a,p|){‘ared in botli, tlie plots by the middle of October, when the plants had 
coinineiiced to set fruit, and was equally severe. 

Ih-eating infecttnl seeds with diherent strengths of copper sulphate solution 
and of foi'malin before sowing was also tried, but naturally the rate of gerniiua- 
tion, was not higher as the fungus has been fomid to hibernate within the seed. 

During the chilli season of 1917-18 eight |-acre plots were laid under 
chillies to try remedial measures that had suggested themselves in tlie 
light of experience gained in previous years. 

The writer wishes to make his acknowledgments to Mr. 0. S, Henderson, 
Imperial ilgriculturist, for the assistance he has given in carrying out these 
experiments. Acknowledgments are also due to Md. Taslim, Fieldraan to 
the Imperial M.j'-cologist, for the cai-e he has taken in looking after these 
ex])eriments. 


The ];>lan of the experiments is shown in the following diagram : — 


Bombay vat'icty 

Chillies grown 
with inaixe. 

One row of 
maize after 
every 15 of 
ehillio.s 

Control 

local 

varieties 

Manured 

local 

varieties 

1 


;{ 

4 

I esliawar variety 

Control local 
varietie.s 

Local varieties 
sprayed with 

1 p.c. Bur- 
g u n cl y 
mixture 

iVlanured h eal 
varieties late 
sown 

0 

(> 

7 
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On all the plots except on Nos. 1 and 5, local varieties were grown ; phjts 
1 and 5 were under Bombay and Peshaw^ar varieties respectively. Seeds for 
])]ots 1 to 7 were sown in seed beds in the end of June, and the seedlings were 
transplanted a month later. Seedlings for No. 8 were transplanted in the 
end of August, the seeds having been sown a month previous. The first four 
pickings of ri])e fruits from plots 2, 3, 4, 6 and 7 wnre made on the 30th of 
OO ober, tlie ]2th of November, the 24th of November and 8th of December. 
Fi'uiis from plot No. 8 were first picked on the 20th of December. 

T'ho yields were low' as compared wdth those normally obtained. Tbisw'as 
Ju,rgely tlue tt> over-spacing, the plants being sown 24" X 24" apart as against the 
usual 18"xl2." Tire soil wns ^also poorer than that ordinarily used for 
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fcli.e crop, aad the young plants were attacked by white-auts. TIm^ c.rop 
was put to a severe test on account of the unfavourable weatluvr, hi'om tlu; 
middle of September to the first week of Octobei-, when the ])]auls ha<l 
commenced to flower, and consequently were in the stage when tla^y ai-e most 
leadily inlected, the days were cloudy and there was more or less rain almost 
The relative humidity was therefore very high — between 85 and 9() 
per cent. Those were the conditions highly favourable for causing an e])idemic, 
and there was one, judging from the amount of disease in the control plots aiul 
in the ryots’ fields. Another factor which tried the efficiency of the control 
mea, sines was the presence of a second disease, hitherto unobserved on this 
crop; tins was due to Olmnephma Cumirhitanim (B, & Kav.) Thaxt.' whicii. 
caused much damage. It started from the liower or leaf-bud and led to a wet rot 
of the shoot. 

In spite of these adverse circumstances, one of the control measures, viz,, 

spraying, gave satisfactory results. 

To judge the effects of spraying and manuring on the disease on fruits we 
need only consider the results of the first four picldngs done up to the 8th of 
Beceinber, because after this date the percentage of diseased fruits was 
f^id to be negligible. ^ 
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very common oa varieties 

Ulullas gromr locally, seeds from Bombay and Pesbarrar, where this disease bas 
not as yet been reported from, were tried in order to see it plants raised fron, 
b m were disease resistant. Unfortunately these varieties did not do well 
ue the growth of the plants was stunted and the yield of fruits negligible ; 
the Bombay variety suffered badly from leaf-curl as well. 

Hot A^o 2 . . In fields lined by a row of trees those plantethat grow irithin 
the .shadow-limits of those trees have been found to be healthy, while those 
planted ontmde the shadow-limit get badly attacked by die-back Small 
wayside chdli plots surrounded by huts or by bigtrees have been ohserv’ed to be 

■»» 

The rea,son why plants growing under shade remain healthy while those in 
the open are aftected is. that moisture plays a very important factor’ in the 
d ™lopment and spread of the disease. In OctoL L NoveX“i!L 
dews and ground fogvs are heavy and the plants coiusequeutly become driiminv 
wet mthe night and remain so for some time after sunrise ; this high humidity 

Tn rrr r n ’ “■id® shade there is very Ihtle 

1 ii.,t dew-lall, and consequently here the atnio.spliere is comparatiyeiy dry 
: dry enough to check the spread of the disease ^ ^ ’ 

study lias confirmed field observations. 

As a result of these obseryatioms another line of control .suggested itself 
. seemed probable that if diUlies were grown as a mixed crop with make oi 
some such other economic crop, which grows rapidly and gives a good 
chilli crop ivould perhaps remain healthy or would be very little afiected 
for this reason the local varieties of chillies were grown mixed with make 
Bulls of maize ivere laid down after every three rows of chillies. Maize 
sown m drills in the end of July when the chilli seed.s were sown in seed beds 
Jlu selection of maize as a mixed crop was imfoitumite ; it flowered 
cobbed 111 September and in the beginning of October it began to turn 
again m the hrat week of tills mouth it wa,s bloira over in the liigJi winds and 
damaged the chilli plants. It was consequently uprooted two or three weeks 

The chilli plants were rather smaller in size, flowered later and 
t'oinparut.iveJy smal](.vr yield of fruits tban 
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also sliowcc! a greater amount of leaf curl. However tlie elTcot of sluulfi as fa.r 
as the disease on tlio cliilli stems waw concerned was very inarke<l. TIk'v 
s.ulfered the least from die-back. That sliado docs clieck di(‘-ba(ds is also 
vidont from the following observation. It so happened that the tliive end 
lines of chillies had no di'ill of maize to their south and so they romaim'd 
unshaded. The result was that thif? set of three lines was more badly attacke<l 
than the rest. It had 32 plants suffering from die-hack ; the neighbouring set of 
three rows liad 11 diseased plants, while in the remaining 9 sets the number of 
died-back plants varied from Gto 9 each set. It was in the ims]}aded rows 
111 . t the disease first appeared. 

WhetlK'.r shade has any effect on the total yield and oJi the pereentago of 
diseased fruits cannot bo, judged from this experiment bi'eanse, as alreaily 
stated, maize jdants were blown over by high winds in the beginning of Oetober 
and they were uprooted three weeks later, as instead of doing any furthei* good 
they were damaging the chilli jilants underneath them, Tims at the time 
when the Jruits generally get attacked they remained unshaded. Tlu', 
percentage of diseased fruits in each of the first four pickings was fiB'b, 22'(), 
44'0 and 7'7, almost the same as that for the control plots. 

Plot Non. 3 and G. These were control plots. Of all tlie plots, plot No. 3 
was nio.st severely attacked by Choanepliora. and die-back ; the natural rovSiilt 
was idiat' the yield of fruits was greatly reduced ; the attack wa.s first observed on 
the Qth of Oetober. Plot No. 6 was found attacked three day.s later. It was 
a little more diseased than tlie sprayed plot No. 7, but mueli ]e.‘'Sihan No, h. 
Still however the percentage of diseased fruits in both t hese control plot s wa.s 
ainiosr the same, and much higher tliau that in the sjuayed ])lot. The 
percentage of diseased fruits from each oft. he first four pickings frmu plot No. 3 
was 78'5, 30 0, 33'0 and 12‘8, and from No. G was 72*85 33'3, 37'0 and IG'G. 

Pint Nos. 1 and 8. From experiments made in jirevioiis yi'ars it Jiail 
been found tliat chillies sown a month later than u.siial suffo]' very liti lif from 
die-back, but the yield of fruits was greatly reduced. To S(‘e if manuring could 
remedy this defect, plot No. 8 wa.s manured at the rate of 2 cwt. of .sujieiplios- 
phate and 1 cwt. of nitrate of soda jieracre. iSeeds for this plot were sown in 
seed beds in the end of August, and the seedling, s were tran^^jdanted a month 
later. • Plot No. 4, which was manured at the same rate, s(U'\'(*d as a eiuadc, 
the sowing time being normal. 

A,s a result of manuring the growth of the idants in j)lot No. 4 \vas nwvrc 
vigorous than those in the otlier plots. Bie-back on this plot was observful 
first on the 8tli of Oetober ; and it was rather severe, but was u<4 very tuucli 
more than on plot No, G and decidedly les.s than that on No. 3, The tot.al 




uii iMoi- xNo, o uieaistia.se was nrsi- ODservea on tiie oi UCTOoer. 
f^etlicr only 45 plant, s were found infected by the end of November. This 
ved once again that a late sovni crop easily e.'icaped damage caused b}'’ die- 
c. The fruits were not ready for picking before the third week of December, 
therefore naturally the percentage of diseased fruits was negligible. 

Flat No. 7. The disease on this plot wa.s first observed on the 10th of October, 
the first application of one per cent. Burgundy mixture, at the rate of 
gallons per acre, was given on the 29th of September as on the 27th one 
it in plot No. 2 was found diseased. The mixture happened to be very 
line, and consequently the tender tips of the flowering shoots got rather 
ly burnt. The next application was given on the 17th when the fruits had 
It had no had effect on the plants as the mixture was made very slightly 
Llino. The sprayed plants had decidedly less of die-back than the 
s 3, 4 and 6, and yielded more healthy fruits. The percentage of diseased 
bs for each of the first four j)ickings was llfil, 7-5, 10-0 and 7*5. The total 
cl of fresh fruits from these pickings was less than that of the control plot 
6, but the yield of healthy fruits wa.sliigher. Not only did the freshly 
ced fruits from the sprayed plot compare favourably in regard to the 
3 entage of disease than those from the unsprayed plots, hut they also stood 
ing better. H'ealthy fruits picked from the sjmayed plot remained healthy on 
ing, and the skin of the dried fruits was bright ruby red. But fruits from 
prayed plots that were healthy wlien picked developed diseased spots on 
mg. It has been found that Gkoosporimn on plantains^ and on other 
ts and leaves “ is capable of lying dormant till there are. suitable circum- 
nces for developing its activities ; similarly Vermicular ia may lie dormant on 
pods and resume its growth in the moist and warm conditions of the drying 
: of fiounse. the attack of the disease on the drvinv ooffs is tia-J-, vp.rv .savri'a. 



ill, Ihe lifiginning of Novemhor andtlio disoaae\va,scouseqiio,ii(1y<‘1iock('(1. 'Pin', 
disoaso did not progress further dovAua the infected ])art of i.Ju^ [ilants, and no 
fresli. infections on the plants were observed after tlu^ col<i wi'atJier. Tliai. 
the disease was checked is also evident frointJie fact that in the firsi' picking 1 lie 
percentage of diseased pods in the jilots 3, 4 and (5 was 7^-5, 25’ 0 and 72 ‘H 

i.-espectively, wliile in the second picking the pei-centage fell to 30-0, .1,7*5 an,d 33*3 
for the respective plots. It was further found that better results are olitained 
if the diseased parts of the plants are thoroughly pruned oh before spraying, as 
the fungicide is applied only as a preventive measure and not as a eurati\'e. 
T.he fungus liypluc once inside the tissues are little liarmcd by the apjilication 
of any spiray ; therefore the spread of the fungus from within lh.e diseast'd 
tissues to the neighbouring healthy parts and the ultimate dealh of ilie ])lan( 
cannot be prevented ; the spray only eliecks new infeeiions from outsidi'. 
.However, it is doubtful if the pruning of diseased shoots is practicable on a lichl 
scale. 

From, the above experiments the following deductions can he ilrawn : 

1. T.hatthe disease appears after the end of the rains — in Mu^ firsf. and 
second week of October ; that it attacks plants only at a defmile stage in i heir 
growth, i.e., when the flowers have set, and that it disappears as soon as tlic 
cold weather commences in the beginning of November ; the disease on tJie 
plant is, therefore, of a very short duration. Fruits that mature before th,e 
beginning of December are much damaged by the disease, but the j)(‘reoniag<‘, of 
infection on fruits that ripen later is negligible. These observations are 
completely in accord with those made in the ryots’ fields. It seems, ilierefore 
probable that if a late maturing variety could be successfully grown in Hibar 
it would escape the disease. 

2. That Bombay and Peshawar varieties do not grow well in Bihar. 

3. That shaded plants suffer less from die-back and Choatir pliant lhan 
unshaded ; no conclusions can be drawn regarding th(i (ifl'ect of sluuh^ on the 
yield of fruits and percentage of disease. 

4. That the application of 2 cwt. supcrphosjAiate -b I cwt. Jiitrate of 
soda per acre not only increases the total yield of fruits, huh also rcduc(\s 
the percentage of diseased fniits. It is doubtful if the use of ariilicial 
manures is possible on account of the pivs<Mit inflated prices of thesfi 
fc.rtilizers. 

5. That two applications of one per cent. Burgiuidy mixture are <‘m»ugh 
to control the disease, hotli on the plants and on the friiils. It is possible' 
that only one application, if given at the right time, iiiji,y he; (apially 
efficacious. 
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the«p»yed plaufa .,n«potto,l o. 

^ 7 ”’ TI ' t * "T p'“te flevelop the disease. 

aprh(.’.ti„s i S"* '’y of 

applKation of manure and spraying with Burgundy mixture 

8. Tiiat the late ,so^™ crop suffers little from die-back and Olmnephora. 

10 IS mo few additions and alterations were repeated in 

. 918 1919 and 1920, m order to confinn the results obtained in 1917 hut this 
objee, was not attained because in these years there was no incMmme rf 
wy ai, Pusa, but also lu the chilli-growing tracts uortli of the 
the ht • 1 , »>'* high humidity is correlated u-ith 

comnar t-"T t ““d >920, were 

wh3r W *’*" *he time 

the li t ^ “yosooptible to infection. Judging from the ohservations of 

the tf '^hulent when 

b September (when the plants 

Dog,m to .flower) is on an average above 85. 

Summary. 

Octow'^t^ September or in the first half of 

Octobe,! when the plants have commenced to flower 

Plants growing in the shade of trees escape the infection. 

-i-he late sown crop is also free from this disease. 

“ifeetion as a rule commences from the growing point or the flower- 
bud. Phe stem die.s back as the infection spreads downwards. 

Phe attack on the stem is checked with the fimt onset ' of the cold 
weather, a u 

' Infected fruits become spotted when they are ripe, but fruits 

dtelr " December are generally free from 

Seeds of diseased fruits may become infected. The hyphie are found not 
ouly^on the seed coats^ but also in the inner tissues. 

^ Ihe germination of the infected seed and the development of the seedlinn 
<teiu>iul on tlic oxte.nt of the diseased condition of the seed. 
ulMi ml characters of tlie fungus are described. 

1 uoculaf.iou ('xiiorimeiits sliow that the plants take the infection only when 
u luniii 1 (,}. ], s yny high. If it is reduced below a certain limit progress of 
tJu'. miection IS chocked. 


ti'toni fiold o'hricrvatioiiH of tho last six yoara it appotu-a lliat i Jiis fliai'iia*' 
attains <j;r(',at viniloncn wlieutho humidity pi5i’co.iita}f(', is on ;i,u a.v(n'a.”<' a.I)(t\'(‘ Ht) 
in tho latt,er half of Septemhor. 

Control nieasucos tried in 1917 sliow that Ihir^iiiuly inixtnni is useful in 
diecking the. disease. 


IHE INFLUENCE OF ATMOSPHERIC CONDITIONS 
UPON THE germination OF INDIAN 
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iN attertion vras called by tjie Impeiial lastitute to the fact that 
whilst Indian barley proved to be (xuite satisfactory generaUy for maltine 
purposes m the Uiuted Kingdom yet “ other shipments contained a lame 
percentage of grains that would not germinate, sometimes amounting to 10 to 
- per cent.” The matter was referred to the Dexartment of Agriculture 
United Imvmoes, by the Imperial Institute, and SIi-. Wilson, who was then 
Assistant Jtconomic Botanist, United Brovinces, was instructed to oarrv out 
an investigation into the matter. Mr. Wilson had collected much inlorniition 
as to methods of storage, and a large number of germination experiments 
were performed by him when he was tansferred to another province. 
The iniormation and figures collected by Mi'. Wilson later passed into 
my hands. The investigation was again started by me de mvo, but I ivish 
to acknowledge that the data collected by Mr. Wilson wore of considerable 
assistance to me in my work. The foUowing observations are the result 

ot this work upon the germination of barley carried on thi-ough the two 
seasons 1919 and 1920. -mougu inc two 

The Imperial Institute reported that it had been noticed that the early 
shiimients oi barley generally germinated vveH and that it was usuaUy the 
late.L’ sJiipmeiits wliicli exhibited defect. 
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GERMINATION OE INDIAN BARLEY 


Tile qiiaatity of liicliaii barley e3iq)orfeed during the six yeiir^^ 1913-19 is 
slioma in tbe following table - 

Table I * 


Quantity and value of barley exported during six years with the share of the 
different forts. 


Ports 

1913-14 

1914-16 

1916-16 

1916-17 

.1917-18 

1918-19 


Tons 

Tons 

Tons 

Tons 

I’ons 

'I’ons 

Karachi 

127,622 

28,865 

169,533 

172,034 

347,747 

315,305 

Calcutta 

54,249 

64 

74 

1,478 

97 

‘(3 

Bombay 

8,519 

394 I 

0,147 

36,929 

10,787 

! 10,999 

Rangoon 

10 i 

' ^'1 

3 


91 

i 4 

1 Quantity 

Total 

190,400 

29,317 

165,767 

209, Me 

,‘5.58,723 

1 22f?,351 

1 Value £ 

1,043,799 

174,548 

1,168,003 

1 1,509,615 

‘2,()93,512 

, 1,845, Ml 


* This statameiit is taken from the “ Handbook of Commercial Jnibrmatitiu lor imlia,” by 
a W. E. Cotton, 1919. 


Export figures obtained from tbe Director of Statistics with tlie Qovom- 
ment of India showed tbe exports of barley by sea to foreign countries iiiont.h 
by month for tbe year 1913-14 to be as under 

Table IL 


Quantity of barley exported by sea from each maritime province of British 
India to foreign countries in each month of the official year 1913-14. 


Months 

Bengal 

Bombay 

Sind 

Madras 

Burma 

Total 

1913 

Owt. 

Gwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

. April 

12,864 

18,885 

9,882 


54 

41,485 

May 

101,758 

4,176 

236,862 


12 

342,808 

Juno 

276,564 

12,782 

199,919 


.•50 

489,295 

Julv 

201,669 

46,167 

819,373 



1,067,109 

August 

228,761 

40,293 

526,415 



795,4(59 

September 

126,265 

28,009 

309,454 



462,728 

October 

44,163 

14,134 1 

197,432 



255,7,19 

November 

. 85,851 

2,644 

146,065 


1 

* ' 

234, .550 

December 

8,034 

1,456 

17,699 



27,080 

1914 





1 


January j 

30 

1,438 

60,254 


/ 34 1 

61,756 

February 

108 

82 

3,444 


10 1 

3,644 

March 

40 

318 

26,946 


50 

516,354 

Total j 

1,084,997 

170,384 

2,552,435 

1 

1 190 

1 3,808,000 
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line year 1913-14 is perhaps the fairest average year to take for indication 
as to the movement of the grain for two reasons—it represents a year 
uninfluenced by war, and we may assume that the barley was more likely to 
be wanted for malting purposes then than in later years when there were 
restrictions as to brewing and greater demand for barley for both human and 
cattle food. For the latter purpose be the germination bad or good it is 
immaterial. 

Ihe statistics show plainly that much the greatest amount is exported 
ill the month ol: July. Indeed in this month alone normally some one- 
tiiird of the total yearly export leaves our Indian ports. This is no 
doubt the climax of an attempt on the part of the exporter to avoid the 
monsoon. 

Practically the whole of the exports go to the United Kingdom. 
Part.iculai,’ attention may be called to the large amount that is moved toward 
Oalcntta (Bengal, in Table II) for export in the months of June, July, August, 
and September. As we shall show later, the region of Bengal and the Bay of 
Bengal during these months is a danger zone for barley. Barley subjected 
lor some 3-4 weeks to the conditions prevailing in this region is bound to 
have its germination percentage considerably reduced. 

The explanation of the poor germination suggested by the Referees on 
cereals to the Imperial Institute was that it seemed possible that the injury 
to the barley happened to that which failed to get railed and shipped before 
the monsoon set in a d consequently was stored in the cultivators’ pits and 
huts, the serious effect being due to the humidity and warmth of the rainy 
season followed by a subsequent drying before the barley reached England. 
It was thought that the grain situated close to the wall of the pit suffered 
whilst that in the centre escaped. Siihsequent experiment, as we shall show, 
demonstrates the effect to be due to the humidity, but there are other points 
of interest not suspected previously. The 10-20 per cent, that fails to 
germinate though is probably not due to its being the amount that is situated 
on the outside of the store. Observation makes us think that it is very doubtful 
whether aii}'^ portion ol the exported barley has ever been stored in any 
ollicient way in the grain dealer’s storehouse. The methods usually employed 
afford little or no protection from atmospheric conditions. The cultivator 
as a rule stores only the grain required for food and seed purposes and sells 
off his siiriiiiis stock at harvest time. 

The small quantities of grain retained by the cultivators for seed and 
domestic use are usually stored in mud urns. Iir North-East India the 
cultivator’s seed rate for barley as for many other crops is known to be high. 



fiEUMINATION OF INDIAN liARLEY 


The reason is oliviotis. The whole subject of the genninatiug value of Ihe 
seed usually sown by cultivators for their crops is worth furtJior study. 

A sample of barley was taken in Juno before the raijis set in, and .from 
this a number of small cotton bags were lightly fillft<l with some 1,000 kernels 
each. Some of these bags were stored in a closed largo dessieator, beneath tJjo 
perforated zinc floor of which was about a pound of anhydrous calcium 
chloride. By this means the influence of the weather was removed and the seed 
kept until its regular germinating season. These bags of grain simply served 
as a control. They w'ere used during barley-sowing season when a cho(ik 
experiment was deorned necessary. The germination of our ba.rley ^v^as found 
to be uniformly high, samples from tl)is dessieator often sh.o wing 99 per cent., 
and never below 96 . per cent, germination. Others of those bags of grain 
were exposed for various intervals of time to atmosjdu'.DJS coiitainiug 
diflerent amounts of \vater vapour. At the termination of these exposure.s 
the bags were transferred to a second large dessieator containing ealoium. 
chloride and remained there until barley-sowing season in. Nf>v(.unb{u'. 
At this season the germination of the barley subjected to various degrecis 
of moist atmosphere for various durations of time was tested in eacii casii. 

The experimental method was as follows. In order to obtain atmosphere.s 
containing different amounts of moisture a number of siiiali dossicators of 
approximately uni.form size were taken. Into successive dossicatois wore put 
200 c.c. of successively stronger solutions of sulphuric acid. (The suljdxuric, 
acid used was an ordinary commercial sample. The same sample of acid was 
used throughout the experiment. Its exact degree of strength and purity 
was unimportant as the technique of the experinumt will show.) A start was 
made with pure water in small dessieator No. j , and 2 per cent, sulphuric acid 
in No. 2, 4- per cent, in No. 3 and so on ; there being an increment of 2 p(jr 
cent, acid in the solution in each succeeding dessieator. Upon the perforated 
floors of the dessicators, over the acid, the small bags of barley were placed. 
The glass top of the dessieator was then hermetically sealed by means of a 
lute of resin cerate. After an interval of one week one bag was removed from 
each small dessieator. These bags were marked so as to show the streugtii of 
acid and duration to which they liad been exposed. They were then transIeiTod 
to a large storage dessieator in. the bottom of whieli was a quantity of 
anhydrous calcium chloride. From this dessieator the bags were taken out as 
fast m they could be dealt with and the germination of the grains in tlu! 
various bags tested. After a further interval of a week a second bag of baric v 
was removed from each small dessieator, labelled, and transfer.red to the large 
dessieator to await its turn for a germination experiment of its conto.nts. 
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Tins removal of bags from the small dessicators contmiied at weekly 
mtervals. The germination tests were carried out as follows. The method 
IS the one recommended by Schbnfeld in Wochensch Bran, 1902, 19, 768. 
A wooden stand containing a lino of small glass funnels was fitted up. In the 
apex of each funnel a small plug of glass wool was placed. A short length of 
india-rubber tubing provided with a pinch cock was attached to the stem of 
each funnel. The barley was placed on the glass wool and then flooded 
with water for about five hours. The water was then run oi! by opening 
the pinch cock and the barley left alone for some 18-19 hours. At the end 
^f this time the barley was again flooded for a second period of five hours 
I wo floodings were sufficient to start germination, and, with but few 
exceptions, all tiiose.grains that would germinate did so by the third day 
very few lingered until the fourth, on which day the germinated grains’ 
were counted. The funnels were kept covered during the experiment 
until clock glasses. Observations of the maximum and minimum temperatures 
pf the laboratory were made daily. The percentages of germinating grains 
are given in the table below. A set of estimations of the amounts of water 
vapour contained m samples of air exposed to solutions of sulphuric acid 
of the strengt^hs used was then made. This was carried out in the 
lollowing manner : — ' 

A series of four smaU wash bottles was fitted up and into each was put 
a quantity of sulphuric acid of the percentage under considemtion. The 
intake tube of one bottle was connected with the exit tube of the bottle 
before it, and the intake tube dipped beneath the surface of the acid in its 
bottle Air was drawn slowly thi-ough this series of fonr bottles containing 
the sulphuric acid. Connected to the fourth bottle was a U tube containin” 
calcmm chloride. This calcium chloride tube was in its turn connected to 1 
second one, and this again to a third calcium chloride tube which was 
followed by an empty Utube. Through aU these tubes and bottles a measured 
quantity of air was drawn by means of an aspirator of 20,000 c.c. capacity 
The air was drawn over very slowly, the whole 20,000 c.c. taking some fim 
lours. The two calcium chloride tubes next the bottles containing the acid 
were weighed belore and after the experiment. The third calcium chloride 
and the empty U tube also were simply to catch any water vapour passing 
back from the aspirator ; they were not weighed. By this means we were able 
to estimate the number of grams of water vapour per Utre contained in 
air over eadi particular percentage sample of sulphuric acid used. The 
following table gives the results: — - 
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May. Mean daily aqueous vapour pressure, 
it will be seen that at this season there is hardl’ 


Tailing 0'900" aqueous vapour as the danger line for barley 
my inland danger zone. 



fCOOCH BEHAR- 


•Cawnrpre: 


HANSU 


>PATNA- 


-CA L CUTTA- 


INDORE 


BOMBAY! 


IMADRAS 
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From Table 111 given above it will be seen that a vapour pressure of 
0*87" {0-U213 grm. water vapour per litre of air) may be taken as the safest 
maximum to which Indian barley intended for germination may be exposed. 
Exposure to this amount of humidity for fourteen weeks has no deleterious 
effect. Exposure to greater amounts of humidity than this is serious. A vapour 
pressure of 0-89" (=0-0216 grm. water per litre of air) after fourteen weeks or 
less reduces the germination by roughly some 25 per cent, and greater humidity 
than this totally destroys germinating power in fourteen weeks or less. 

Comparisons between Table III and the maps showing the aqueous 
vapour pressures inland for the months of May and July are instructive. A 
series of these maps for each month of the year is to be found in the 
Climatological Atlas of India.” For fuller details a reference to them may 
be made. In short it may be said that conditions in June are intermediate 
between May and July and that July conditions represent somewhat those of 
August and September. October to April rarely shows vapour pressures 
above 0*85" anywhere, not even on the seaboard. After May barley 
in North-Eastern India is to be regarded as having been subjected 
to atmospheric conditions that have a deleterious effect upon its 
germination. Unless extraordinary storage precautions be taken barley 
in this region during the period of the monsoon will have its germination 
reduced by anything up to some 25 per cent. Thus we see where and 
why the cultivator’s sCed rate is high. Barley required for malting purposes 
(or any other use involving its germination) should not be that exported from 
Calcutta after May. Bengal, Bihar and Orissa, and Oudh produce the barley 
exported from Calcutta. Its germination could, if necessary, be fully 
protected by transporting it from the danger zone toward Karachi or 
Bombay before, say, the end of June, This would involve some extra cost for 
increased railway transport. It should not be stored on the Western seaboard 
area. Barley in North-West and Central India has its germination 
unimpaired throughout the year and if exported from Bombay or Karachi, 
and not delayed long in the seaboard area, will not have suffered from 
the effects of harmful atmospheric conditions. It might be supposed that 
humidity conditions over the ocean which the grain would encounter during 
seaborne transport to Europe are above the safety maximum. They ' 
may be, but on a normal voyage they are not likely to last sufficiently 
long to have a serious effect. 

In conclusion, I wish to acknowledge the assistance received from Mr. A 
Wilson, of the Indian Agricultural Service ; The Director of Statistics, India ; 
and The Director-General of Observatories, Indian Meteorological Department. 




CORRELATION OF COLOUR CHARACTERS 
IN RICE, 

BY 
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Economic Botanist to the Qommment of Bengal. 

[Received for publicat.ion on 10th June, 1921.] 

In the account given below, the inheritance of the following characters 
in the rice plant is discussed. 

(1) Colour characters due to soluble pigment occurring in various 

parts of the growing plant. 

(2) Colour of the mature kernel, i.e., the husked grain. 

(3) Colour of the mature inner glumes, i.e., the husk. 

Most of the above characters have been found to give definite Mendelian 
ratios, and many have been proved to be inherited in groups or patterns and 
not independently. It is mainly from the latter point of view that they are 
described in the present paper. 

The characters noted above will be taken up in order. 

Colour characters due to dissolved pigment. 

A large number of varieties of rice are characterized by the presence of 
coloured pigment distributed throughout various parts of the jilant, but the 
majority of varieties are devoid of colour and are wholly green during the 
vegetative period. The colour is due to soluble pigment dissolved in the cell 
sap. This colour can be made a basis for classification into (1) coloured 
varieties and (2) green or colourless. 

The colours concerned range from reds through blues to deep purple ; 
the difference in colour being generally due simply to the degree of 
concentration, but in certain cases apparently to their being in themselves 
intrinsically difierent. 
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154 CORRELATION OF COLOUR CHARACTERS IN RICE 

The ciiiei; situations of this colour are • 

(1) The leaf-sheath, pulYiniis of leaf, ligule and auricles. 

(2) The internode. 

(3) The small outer glumes. 

(4) Apiculus of the inner glumes, 

(5) The inner glumes as distinct from the apiculus. 

(6) The stigma. 

The above will be readily miderstood by a reference to the plate. 

The varieties so far studied at Dacca with reference to the distribution of 
these colours may be broadly grouped as follows :~ 

(1) Varieties with leaf -sheaths, apiculus of glumes and stigma coloured. 

(2) Leaf -sheaths and apiculus of glumes coloured, but stigma colourless 

(white). 

(3) Apiculus of glumes only coloured. 

Each of these groups may have colour in other parts also, such as the 
nodes, internodes, outer glumes and body of inner glumes as distinct from 
the small spot of colom at the apex, the so-called apiculus. Indeed the 
colour is found in so many combinations, each breeding true in pure -lino 
cultures, that any satisfactory grouping is not possible. Types can only be 
described. Moreover, varieties wliich outwardly appear similar in colour 
characters may he found on investigation to have the colour situated in 
different parts of the cell-anatomy ; as, for example, in the internode and 
leaf-slieath, where varieties which outwardly api)ear the same may have the 
colour situated in the epidermal layer only, or in the bundle slieatlis only, or 
in both together. 

Early results,^ obtained chiefly from the analysis of the oiispring of 
natural crosses, showed that these colours were frequently due to the 
interaction of several factors, and that they were edten combined into 
patterns which were inherited as a whole. In order to investigate the 
mode of inheritance of these colour patterns more thoroughly, a series of 
crosses were made between a number of variously coloured paddies and 
green varieties, and the data discussed below have all been derived from 
the results of these experiments. In the first place, the inheritance of 
colour in each of the various situations referred to will he described without 
reference to the others. The combinations of the colour characters will be 
discussed later. 

^ Hector, G. P. “Observations on the Inheritance of Authooyan Pigment in Paddy 
Varieties.” Mem. Dept. Agri. India, Bot, Ber,^ VIII, no. 2, Nov. 1916. 
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COLOUPv IN THE LEAE-SHEATH. 

The development of colour varies greatly. It is generally developed 
mainly in tlie epidermis and underlying layers of the inside of the leaf -sheath, 
in the epidermis and adjacent layers of the outside of the leaf -sheath, in the 
tissues surrounding the bundles (bundle-sheaths), and may also occur scattered 
in the general parenchyma. Frequently, on the outside of the leaf-sheath it 
is found only in the epidermal layer towards the margin, thus producing the 
conspicuous red line seen in some varieties running down the overlapping 
edge of the sheath. These different colour situations may be due to different 
factors, but in our experiments, coloured leaf-sheath means simply the 
presence of colour of any sort visible from the outside to the naked eye. This 
colour in the leaf-sheath has always been found dominant to its absence, and 
to segregate in F^ in a simple 3 : 1. ratio, a 9 : 7 ratio, a 27 : 37 ratio, and in a 
16 : 1 ratio. Thus the colour is due either to a simple factor or to two or 
more interacting factors. 

The table gives details of crosses in which these various ratios have been 
obtained : — 


Theoretical 

Variety 



P 


1 Observed ratio 


ratio 

Colour X no 

colour 

Colour 

: no colour 

Colour ; 

: no colour 





( Total 

5 

f amilies 1 



3 

: 1 

Pankliira] X 

Pookhi 

1 1,015 


317 1 

• 3-2 ! 

: 1 





j One 


f amily 1 





Surjamukhi X 

Pookhi 

1 731 


261 / 

2-8 i 

1 1 





j Total 

4 

families 1 





Muramagar X 

Pookhi 

1 2,198 


818 i 

2-G : 

1 





J Total 

9 

families | 





Matichak x 

Pookhi 

1 2,703 


829 1 

3-2 

: 1 





j Total 

7 

families 1 





Bailabakri X 

Pookhi 

1 3,485 


1,202 1 

2-8 : 

1 





j Total 

4 

families I 



9 

(1-2 

: 1) } 

Agartollah x 

0 25 

' 2,670 


1,999 r 

1-3 : 

1 

27 

t 37 1 



( Total 

2 

families \ 



0 9 X 

0 25 

\ 



1 : 

1-06 

(1 

; 1*3) 1* 


1 644 


686 ) 





1 


j Total 

3 

families I 

16-1 : 

i 1 

15 

: 1 

Noachur X 

Pookhi 

1 1,129 


70 ) 




mr, CORRELATION OP COLOUR CHARACTERS IN RICE 

2. Colour in the lioule. 


lii two varieties out of those experimented with, the ligule is coloured. 
In the first, the colour segregates in a 9 : 7 ratio, in the second in a 27 : il7 
ratio. The details are given in the table. 


Theoretical 

ratio 

Variety 

Colour X no colour 

' 

F, 

Colour : uo colour 

Observed ratio 
Colour : no colour 

9 : ? ! 

(1-2: 1) \ 

Murainagar x Pookhi 

j Total 4 families 

1 l,fi4G : 1,370 1 

1-20 : 1 

27 ; 37 1 

(1 ! 1-3) [ 

AgartoUah x 0 25 

j Total 8 families | 
i 1,972 ; 2,097 ) 

1 : 1-30 


3. Colour in the 

PULVINUS AND AURICLES. 

In two varieties experimented with, colour is found in the pulvinus and 
auricles, W 2 ., in the variety Bailabakri and in the variety AgartoUah, ITiese 

both segregate in a 9 : 7 ratio as shown in the table. 


Theoretical 

ratio 

Variety 

Colour X uo colour 

F, 

Colour : no colour 

Observed rathi 
Colour : no colour 

9 ; 7 ] 
(1*2: 1) j 

■■ : . ; ■ . ; 

Bailabakri X Pookhi 

j Total S families '1 
1 2,007 : 2,080 J 

1*2 : ! 


AgartoUah x 0 25 

j Total 7 families 1 

1 2,070 : 1,999 / 

■ ■ 

1-3 : 1 


4. Colour in the internode. 

As in the leaf -sheath, colour in the internode is found in the epiderniis, 
in the bundle-sheaths, in the general parenchyma, or in various combinations 
of these. Here again coloured internode means simply visible colour in the 
internode,- as seen from the outside by the naked eye, irrespective of the 
situation of the colour. Colour has always been found dominant to its absence , 
and on crossing, has been found, in the varieties experimented with, to 
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segregate in a 3 : I ratio, a 9 : 7 ratio and a 27 : 37 ratio. Tlie results are 
given in th.e table 


Theoretical | Variety 

ratio I Colour x no colour 


Colour : no colour 


Observed ratio 
Colour : no colour 


I Surjamukhi x Pookhi 

Noachur x Pookhi 


1 j Total 1 family 

i 731 : 261 

I Total 3 families 

I 867 


I ,, f families 

Muramagar x Pookhi :• 

1 1 2,198 ; 818 / 

I T> 1 , . f Total 7 families 

I Bailabakn x Pookhi ; 1 I 

. 3,461 : 1,226 j j 

Total 8 families 

2,670 : 1,999 

if Total 2 families 

K 468 : 634 


9 : 
C-2; 

7 

1) 

1 

1 

Agartollah X 

G 25 

27 : 

a : 

•37 

1-3) 

1 

C 16 X 

C 25 


5. Colour in outer glumes. 

Simple 3 : 1 segregation, as well as 9 : 7 segregation has been found, 
as shown in the table. 


Theoretical 

ratio 


Variety 

Colour X no colour 


Surjamukhi 

X 

Pookhi 

1 Total 

1 

family 




^ 750 


242 

Noachur 

X 

Pookhi 

1 Total 

3 

families 




' 907 


292 

Bailabakri 

X 

Pookhi 

1 " Total 

1 3,571 

7 

families 





1,116 

Muramagar 

X 

Pookhi 

f Total 

4 

families 




1 1,647 


1,369 

Agartollah 

X 

C 25 

j Total 

8 

families 




1 2,671 


1,998 


Colour : no colour 


Observed ratio 
Colour ; no colour 
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6. Colour in the inner Glumes. 

Ill many varieties with, colour in tlie outer glumes, colour is also found 
in the inner glumes, apart from tie spot of colour at the apex, the apioulus. 
This applies to all the varieties experimented with, all with colour in the 
outer glumes having the inner glumes also tinged with colour, and the two 
characters have been found to segi-egate together. Thus the table above 
applies also to the inner glumes. 

7. Colour in the apioulus. 

^ Ihe apicuius or apex of the inner glumes is coloured in a large numboi- 
of varieties. The colour consists of a spot at the extreme tip. As in other 
loca izations, colour- in the apicuius has been found to bo due either to a 
single factor or to two or more interacting factors. Actual rcsLUts obtained 
are given m the table. 


Thooi’etiodl 

ratio 

Variety 

Coiour X no colour 

) 

Colour 

P 

110 colour 

Observed ratio 
Colour : uo colour 

3 : 1 

Pankhiraj x Pookhi 

/■Total 

5 

families 


1 



1 1,015 


317 j 



Murainagar x Pookhi 

/ Total 

4 

lamilieis ^ 

2-0 

1 



\ 2,198 


818 J 




Maticliak x Pookhi 

/ Total 

9 

I'amiliea ■v 





1 2,714 


818 / 

.'HI . 


9 ; 7 1 

(1*2 s 1) 1 

Agartollah x 0 25 

2,071 


1,998 

1*3 ; 

1 

27 : 37 1 

(1 : 1-3) 1 

<^'9 X 0 25 

/ Total 

2 

families ^ 

1 : 



\ 044 


680 j 

J-U(i 

15 i 1 

Surjamuklii x Pookhi 

f Total 

1 940 

1 

family . 

40 j 

20-5 ; 

1 


Noachur x Pookhi 

r Total 

1 1,131 

3 

families ^ 

68 / 

lO'l ; 

1 


Bailabakn x Pookhi -j 

[Total 

7 

families 

14-7 s 


1 

i 4,390 


297 j 

1 
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8. Colour in the stigma. 


A coloured stigma is found in a large number of varieties. The colour 
varies in intensity from a pale red to a deep purple. It has been found to be 
due to a simple factor or to several interacting factors, as shown in the table : — 


Theoretical 

Variety 



1 Observed ratio 

ratio 

Colour X no colour 

Colour 

: no colour 

Colour J 

t no colour 

3 ; 1 


j' Total 




Pankhiraj x Pooklii 

1 1,015 

: 317 j 

3-2 ; 

1 



Siu'jamukhi X Pookhi 

/ Total 

1 family -j 

; 201 j 

2-8 : 

1 



1 731 





f Total 

3 families . 




Noaclmr x Pooldii 

1 870 

: 329 j 

2-6 : 

1 


Muramagar x Pookhi 

1 Total 

4 families ^ 

2-6 : 

1 


1 2,198 

: 818 J 





, Total 

9 families 




Matichak x Pooldii 


3-2 : 

t 



[ 2,703 

: 829 j 





1 Total 

7 families 




Bailabakri x Pookhi 

1 3,485 

: 1,202 J 

2*8 ; 

1 

27 : 37 1 

(1 : 1-3) f 

0 IC) X 0 25 

j Total 

2 families 

1 : 

1-3 


1 471 

: 031 j 



SI : 175 1 

(1 : 2T) f 

0 9 X C 25 

/ Total 

2 families \ 

1 : 

1-8 


t 409 

: 861 j 




Summary. 

In our experiments the colour in these different situations has been found 
to be due to a simple factor, segregating 3 : 1 in Fj, or to two, three, and in 
one case to four interacting factors, giving ratios of 9 : 7, 27 : 37, 81 : 175 and 
15 : 1. Moreover, the genetic constitution of a colour character in any one 
type is no index of its constitution in another type, the same character having 
in dilierent types been found to give most of the above ratios. 

The eombination of colour characters. 

Hitherto we have dealt with the inheritance of these colour characters 
independently of each other. It is, however, when we consider them in 
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relation to each other, that most interest attaches to them. We "iw. in iJie 
Appendix (I) a table showing the various combinations of Cfdour (’liaracL(n-s 
which have been found in 211 varieties critically examined. On exami,uati(ni , 
it is found that certain combinations occur more frequently than others, wdiilc 
on the other hand certain combinations are never found. The most frequent- 
combination is that of the leaf -sheath and apiculiis of the inner glumes. This 
combination occurs together in 162 varieties out of the 211 examined. The 
next most common combinations are the leaf -sheath, internode and apiciilus 
which are found together in 154 varieties, and the leaf -sheath, apiculus and 
stigma occurring together 98 times. Conversely, it is to be noted that certain 
combinations are absent, e.g., coloiu: in the leaf-sheath and siigma is never 
found without colour in the apiculus, though the apiculus may he coloured 
without colour in the leaf-sheath or stigma. It is therel'ore to ])c exjxup.c’.d 
that, on crossing with colourless varieties, these combinations will oj’dinat ily 
be found to stick together as patterns, while, conversely, otluu' eombinations, 
which should be found if independent segregation is taking j3lace, will be 
lacking. This has been found to be the case. 

In the experiments detailed below, the following combinations have 
been worked with (c/. Appendix 11) : — 

1. Variety Pankhiraj— coloured* leaf-sheath, coloured apiculiisj 

coloured stigma (Fig. 1). 

2. Variety Matichak— coloured leaf-sheath, coloured aiiciilus, 

coloured stigma (Fig. 2). 

3. Variety Noachur — coloured leaf-sheath, internode, outer glumes, 

inner glumes, apiculus, stigma (Fig. 3). 

4. Variety Muramagar— coloured leaf-sheath, ligule, internodc, outer 

glumes, inner glumes, apiculus, stigma (Fig. 4). 

5. Variety Sinjainukhi— -coloured leaf -sheath, internodc, o liter glumes, 

inner glumes, apiculus, stigma (Fig. 5). 

6. Variety Bailabakri— coloured leaf -sheath, inbernode, pulvinus 

and auricle, outer glumes, inner glumes, apiculus, stigma 
(Fig. 6). 

7. Agartollah-— coloured leaf-sheath, iuteniode, pulvinus and auricles, 

ligule, outer glumes, inner glumes, apiculus (Fig. 7). 

The first six have in each case been crossed with a wholly green variety, 
Pookhi, while the seventh has been crossed with a green variety, C 25, and 

* In the descripUoiis the word. “ colotired ” only is used, but tJie eoknirs themselves vary, 
and the exact shado or coioni: can be seen by a reference to the jilate. 
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pure-line material, has been used throughout. These crosses will be described 
i,ii order. 

1. Variety Pankhiraj x Variety Pookhi. The system ‘' coloured leaf- 
sheath, apiculus, stigma ’ has been found to stick together absolutely, giving 
3 coloured plants : 1 green plant in F23 the total of 5 families giving 3‘'2 
coloured : 1 green (c/. tables above and Appendix II). 

2. Variety Matichak x Var. Pookhi. The same combination behaves 
the same way as in No. 1, the total of nine families giving 3*2 coloured : 1 
green. 

3. Variety Noachur x Var. Pookhi. 

(A) The system “ leaf-sheath and apiculus ” sticks together (2 
exceptions were found out of 1,199 plants, 'Viz., two plants with 
coloured apiculus but green leaf-sheath) and segregates 15 
coloured : 1 green in F, (total of 3 families gave 16‘1 colomcd : 
1 green). 

( B) The system “ internode and stigma ” sticks together (3 exceptions 
were found out of 1,199 plants, viz., three plants with coloured 
stigma and green internode) segregating 3 coloured : 1 green 
(total three families gave 2*6 ; 1). 

(C) The colour in the outer and inner glumes gives 3 coloured : 1 green 
(total of three families gave 3T : 1). 

In this variety there are thus three systems : (1) “ leaf-sheath and 
apiculus (2) internode and stigma ” (3) “ outer and inner glumes.” We 
shall call these A, B, C and treat each in relation to the other two. 

L A and B. A alone segregates 15 : 1, B alone segregates 3 : 1. On 
crossing with a colourless type (ab), we should therefore get, if A and B are 
due to different factors segregating independently of each other— 

15 A : 1 a 
SB ; lb 

45 AB : 3 aB : 15 Ab : 1 ab. 

Actually observed, 870 AB : 0 aB : 261 Ab : 68 ab (3 families of 1,199 plants). 

The class aB (i.e., the combination of “ green leaf -sheath and apiculus ” 
with “ coloured internode and stigma ”) is absent. 

This result can be brought about if system B (internode and stigma) 
is due to a single factor, and system A (leaf-sheath and apiculus) is due to 
two factors, viz., to the factor responsible for B, together with a further 
factor, interacting with the factor responsible for B in such a way that both 
or either produces colour. This is the same as saying that one factor is 
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common to both, or that, if there are two factors, they musi; be coniplctciy 
inked. We get thus-— 

15 A ; 1 tv 


AB ; aB ; Ab : ab 
9 : 3:3: 1 


or 

Observed 
Expect 

The above is a common mode of segregation, occurring frequently in 
many varieties. It is to be noted that the combination which is watitijig is oju'- 
which does not occur in the 211 varieties examined (c/. Appendix, I). 

II, A and 0. The case is exactly comparable to I, system A segregating 
16 : 1, system 0, 8 : 1 



AC 

aC 

: Ac 

: ae 

Observed 

907 

0 

: 224 

: 68 (1,199 plants, 3 families) 

Expect 

899*18 

0 

; 224*79 

: 74*93 

Eatio 

12 

0 

: 3 

: 1 


Again the combination wanting, viz., “ green leaf -sheath and apiculus ” 
(a) with “coloured outer glumes ” (C), is not found in the ‘411 varieties 
examined. 

III. B and 0 Both segregate 3 : 1. We therefore expect, if indepen* 
dent segregation is taking place- 



BC 

; Be 

: bC 

: bo 



9 

; 3 

: 3 

: 1 


Observed 

648 

; 222 

: 259 

: 70 

(1,109 plants, 3 


families) 

Expect .. 674*37 : 224*79 : 224*79 : 74*93 


Segregation is independent and all combinations occur in their expected 
ratios. 

4. Variety Muramagar x Var. Pookhi. 

(A) The system “ leaf -sheath, internode, apiculus mid stigma ” sticks 

together absolutely, giving 3 coloured : 1 colourless (total 4 
families, 2*6 : 1). 

(B) The colour in the ligule segregates 9 coloured : 7 colourless (total 4 

families, 1*2 : 1). ‘ 

(C) The colour in the outer and inner glumes gives 9 coloured : 7 

colourless (total 4 families, 1*2 : 1). 


12B 4 b 

.. 12AB ; OaB: 3 Ab : I ab 

.. 870 : 0 ; 261 ; 68 (3 families of 1,199 plants) 

.. 899*04 ; 0 ; 224*76 : 74*92 
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I. A and B. A, segregates 3 : 1, B 9 : 7. If A and B are due to separate 
factors, segregating independently, we slxonld get — 



A3 : 

1 a 



B 9 ; 

7 b 



27 AB ; 

9 aB: 

21 Ab : 7 ab 

Actually observed 

. . 1,646 : 

0 : 

552 : 818 (4 families of 3,016 


plants) 

The Gomhinatioii of “ green leaf -sheath, internode, apiculus, and stigma ” 
(a) with “ coloured ligule ” (B) does not occur. 

This again can be brought about if system A is due to a single 
factor, and system B to the same factor, together with a second 
factor interacting with the factor responsible for A in such a way that 
the presence of both is necessary for the production of colour. Thus again 
one factor is common to both, or the two factors must be completely 
linked. We thus get - 


12 A 


4 a 


AB : 

Ab : 

aB : 

ab 

9 : 

3 : 

3 : 

1 

9B : 


7b 



or 

... 9AB 

: 3Ab : 

0 aB : 

4ab 


Observed 

1,646 

; 552 : 

0 • : 

: 818 

(4 families of 3,016 
plants) 

Expect 

.. 1,69(5-5 

; 665-5 ; 

0 : 

754 



IL A and 0. A segregates 3:1,09:7. This case is exactly com- 
parable to the former-— 

12 A 4 a 


or 

tJbserved 

Expect 


AC *. Ac : aC, : ac 

0 : 3 : 3 ; J 


91.0 : 

9AC : 3 Ac 

1,(347 : 551 

1,696-5 : 565-5 


7c 

0 aC ; 4ac 
0 ; 818 

0 : 754 


(4 families of 3,01 6 
plants). 


The combination of green leaf -sheath, internode, apiculus and stigma 
fa) with coloured outer glumes ” (0) does not occur. 
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III. B and C. B segregates 9 : 7, 0 1) : 7, so if seguegal/uig ijule,]>tuv 
dently the expected ratio is — 


Observed 

9 B 

9 C 

81 B(J ; 
1,253 

: 7 b 

; 7 c 

: 63 Be 

; 393 

: 63 bC 

: 394 

i 49 be 

: 976 (4 families of 3,016 

Expect 

954-3 

: 742-21 

: 742-21 

plants) 

: 577-27 


Here the expected combijiatiojis are all present, though not in the 
expected ratios. There are too many of the parental types, BC and be, and 
too few of the cross-over types. The actual ratios obtained in the four 
different families were as follows: — , 


BC 

Be 

bC 

be 

1. .. 92 

36- 

27 

90 

2. .. 196 

58 

48 

118 

3. . . 834 

266 

296 

714 

4. .. 131 

33 

23 

54 

Total . . 1,253 

393 

394 

976 

The figures are somewhat irregular, but on examination some of the 
ratios obtained are found to be a fairly close approximation to expectation 
on a basis of a 7 : 1 coupling of the irarental gametes. On this basis the 

expected ratios are— > 




1. . . 122-81 

30-93 

30-93 

: 60-33 

2. .. 216-.53 

,53-14 

53-14 

: 103-39 

3. .. 1057-69 

266-44 

266-44 

: 519-42 

4. . . 120-80 

30-44 

30-44 

: 59-32 


To definitely prove the gametic coiistitutioii of the F,, it would be neces- 
sary to backcross it with the recessive parent, a very laborious undertaking 
in the case of a cereal like rice, as each cross results only in the production of 
one fertilized seed, and to obtain only 100 plants would require 100 crossings, 
and that assuming all were successful and all seeds germinated and reache.d 
maturity. 

5. Variety Sur jam ukhi x Variety Pookhi. 

(A) The combination “ leaf-sheatb, internode and stigma ” sticks 
together absolutely, giving 3 coloured : 1 colourless (992 plants 
gave 2-8 : 1). 
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(B) Colour in outer and inner glumes gives 3 eolonred : 1 colourless 

(992 plants gave 3:1). 

(C) Colour in the apiculus gives 15 : 1 (992 plants gave 20 : 1), 

I. A and B. A segregates 3 ; 1, B 3 : 1. If independent segregation 
takes place, we expect — 



9 AB 

: 3 Ab 

: 3 aB 

: 1 ab 

Observed 

535 

: 196 

: 215 

: 46 (992 plants) 

Expect. 

558 

: 186 

: 186 

: 62 

Segregation is 

independent according to expectation. 

II. A and C. 

A segregates 3 : 1, C 15 : 1, 

If independent .segregation 

takes place, the expected ratio 

is — 



3 A 

la 



15 G 

: 1 




45 AC 

15 aO 

: 3 Ac 

1 ac 

Observed 

731 

215 

: 0 

: 46 (992 plants) 

The combination of “ green apiculus ” (c) with “ coloured leaf-sheath, 
internode and stigma ” (A) is not found. As in former cases of the sort, A 
is due to a single factor, C to a second factor interacting with the factor 

responsible for A in 

such a way that either or both produces colour. Thus - 


12 A : 

4 a 



AC 

Ac 

aC : 

ac 


9 

3 : 

3 : 

1 



15 C 


1 c 

or 

12 AC 

3 aC 

0 Ac 

1 ac 

Observed 

731 

215 

0 

46 

Expect 

744 

186 

0 

62 

III. B and C. 

B segregates 3 : 1, C 15 : 

1, so this case is exactly 

comparable to 11. 




Ratio 

12 BC 

3 bC 

0 Be 

1 be 

Observed 

750 

196 

0 

46 (992 plants) 

Expect 

744 

18(t 

0 

62 


The combination of “ coloured outer glumes (B) with “ colourless 
apiculus ” (c) is not found. 

6. Variety Bail abakri x Pookhi. 

(A) The combination “ leaf -sheath, internode, stigma” sticks together 
(24 exceptions out of 4,687 had green internodes) and gives 3 
coloured ; 1 colourless (total 7 families, 2*8 : 1). 
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(B) Tlui “ pnlviniis and auricles ” stick together, gWing co1onrc<l : 1 
colourless (total 7 families, ,1'2 : 1). 

(0) Coloured outer and inner glumes give 3 coloured : 1 colourless 
(total 7 families, 3'1 : 1). 

(D) Coloured apiculus gives 15 coloured : 1 colourless (total 7 lamiliess 
14*7 : 1). 

1. A and B. A segregates 3 ; 1, B 9 : 7. If independent segregation 
takes place, we expect — 

27 AB : 9 aB : 21 Ab : 7 ab 

Observed .. 2,607 •. 0 : S7.S : 1,202 (7 families of 4,087 

planlis) 

The combination of “ coloured pulvinus and auriclt'S' (B) with. “ gnam 
leaf-sheath, internode, stigma ” (a) is not found. 

This case is comparable to previous ones. A is due to a singh'. factor, 
B to a second additional factor interacting with the factor responsil)le 
for A in such a way that the presence of both is .necessary for the production 
of colour. Thus we get — 

12 A 4 a 



AB : 

Ab : 

aB 

ab 


9 ; 

3 : 

3 

1 


9 B ; 


7 b 


or 

9 AB : 

3 Ab ; 

0 aB 

4 ab 

Observed 

2,607 : 

878 ; 

0 

1,202 

Expect 

2.630-43 : 

878-81 : 

0 

1,171-75 

II. A and C. A segregates 3 

: 1,C 3 

; 1. 


Expected ratio 

9 AO : 

3 Ac : 

3 aC 

; J ao 

Observed 

2,606 : 

819 : 

905 

: 2i)7 (7 fainilieis of 4,087 





plants) 

Expect 

2,036-37 ; 

878-79 : 

878-79 

; 292-93 


Segregation is independent and according to expectation. 

III. A and D . A segregates 3 : 1 , 1) 15 : 1 , so expected ratio, if in<lei)e n - 
dent segregation takes place, is — 

3 A : 1 a 
16 D ; Id 

46AD : 16aD : 3 Ad : 1 ad 

Observed .. 3,485 : 906 : 0 : 297 (7 families of 4,687 

plants) 



Here the combination of “'green apiculus” (d) witli “ coloured leaf -sheath, 
internode, stigma ” (A) is not found. 

A is again due to a single factor, D to a second additional factor 
intera(;ting with the factor for A, both or either producing colour. Thus 

12 A 4 a 



AD : 

Ad ; 

aD 


ad 



9 

3 

3 


1 




15 D 



Id 


or 

12 AD ; 

3 aD 

; 0 Ad : 

1 ad 


Observed 

3,485 : 

906 

: 0 


297 

(7 families of 4,687 







plants) 

Expect 

.. 3,516’ 10 : 

878-79 : 

0 


292-93 


IV. B and C. B segregates 9 : 7, 

C3 

: 1. 

If independent segregation 

takes place, the 

expected ratio is 

— 






27 BC : 

21 b( 

3 : 

9 Be : 7 be 


Observed 

.. 1,992 : 

1,579 


615 

: 501 

(7 families of 4,687 







plants) 

Expect 

... 1,977'33 : 

1,537-92 


059-1 

: 512-64 


Here all expected combinations are found in expected ratios. 

V. B and B. B segregates 9 : 7, D 15 : 1, so if independent segregation 
takes place, the expected ratio is — 


135 BD : 105 bD : 9 Bd : 7 bd 

Observed .. 2,607 : 1,783 : 0 : 297 (7 families of 4,687 

plants) 

The combination “ coloured pulvinus and auricles ” (B) with “green 
apiculus (d) does not occur. 

If B is due to two interacting factors, both necessary for the production 
of colour, and D due to the same two, but either alone capable of producing 
colour, We get the required result. Thus— 

9 B : 7b 



BD 

: Bd : 

bD 

bd 


9 

: 3 ; 

3 

1 



16 D 


1 d 


9 BD ; 

6 bD 

0 Bd 

1 1 bd 

Observed 

. . 2,607 : 

: 1,783 

0 

297 

Expect 

, . 2, .636-37 ; 

! 1,757-68 

0 

: 292-93 
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ins 

VL Gajul D. C gives S : 1,1) 15: 1, so expected ratio, if f-iegivga1i,ng 
independently, is — 

4.5 01) : If) cD ; M Cd : 1 e<l 

ObHcrvocI .. a, 571 : Sli» ; O ; 297 (7 fainilicH (.f 4,()S7 

plantw) 


The combination of coloured glumes (G) with green apiculu.s (d) do('s 
not occur. 

This is the same as pi’evious cases, viz., C due to a single factor, 1) to two 
factors, the factor responsible for C and an additional one, both or oil her 
capable of producing colour. Thus — 

12 0 4 (1 


CD 

9 




1 


observer] 

Expect; 


15 D 

12 CD : :J cl) 
3,571 ; 819 ; 

il.nio-ir* : 878-79 : 


: 1 d 

0 Cd : 1 (td 

0 : 297 (7 fainilicK of 


plant h) 


0 


: 292-9;{ 


7. Variety A gartollah X Variety C25. 

(A) The combination “ leaf-slieatb., ])ulviTi\is, auricles, interuode, oidnr 
glumes,, inner glumes, apiculus ” sticks together (1 exce])tion was found 
in 4,660‘ plants examined, viz., one plant ivith (toloiu'od api{:ulu.s and, 
coloured glumes, but green leaf-slieath, internode, pulvinus tind uurich*), 
■giving 9, eplonred : 7 colourless (total 8 families, 1*3 : 1). 

• (B).'”The ligule gives 27 coloured : 37 colourless (total 8 families 
1 : l'3j. 

I. A and B. A segregates 9 : 7, B 27 : 37. If independent segregation 
takes place, the expected ratio is — 

A ! ) : 7 a. 

B 27 : 37 b 

243 AB : 189 aB : ;)33 Ab ; 259 ab 
Observed .. 1,972 : 9 : 099 : 1,998 (4,00!) ])buit.s 7 

faniilicH) 

The combination of “green leaf -sheath, pulvinus, auricles, int(‘,rnode, 
outer glumes, apiculus ” (a) with coloured ligule (B) does not occur. 
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Here A is due to two interacting factors, B to tlirec, viz., the two respon- 
sible for A together with an additional one, aU three being necessary for the 
production of colour in B. Thus- 


Observed 

Expect 


36 A 


27 B : 

27 AB 
1,972 
1.969-29 


ABC ; ABc : AbC 
27 ; 9 : 9 


aBC 

9 


: Abe ; aBc ; abC : ab 
: 3 ; 3 : 3 : 1 


37 b 
28 ab 

1,998 (4,669 plants, 7 familiesj 
2,042-25 


Summary. 

1. these colour characters which we have been discussing are sometimes 
simple, due to single factors or to several interacting factors. But frequently 
they are grouped into patterns or systems {e.g., “leaf-sheath, apiculus, 
stigma ”), which are inherited as a whole and segregate as if due to a single* 
unit factor or to the same interacting factors. There is evidence, however, 
that the constituent parts of these patterns may be due to different factors! 
in which case they must be completely linked. The evidence consists, first, in 
the fact that rare instances are found where the patterns break down. Four 
such oases have been found ; (1) In the cross Hoachur X Pookhi, the pattqsn 
“ coloured internode and stigma ” was found to breakdown three 
of 1,199 plants examined, giving 3 types in with “ coloured 
green internode ’ . (2) In the same cross the pattern “ coloured 
and apiculus ” broke down twice out of 1,199 plants, giving two 1 
with “ coloured apiculus and green leaf -sheath.’’ (3) In the cross 
X Pookhi, the pattern “ coloured leaf -sheath, internode and stigma 
down 24 times out of 4,687 plants examined, giving 24 plants with coloured 
leaf -sheath and stigma but green internode. (4) In the cross Agartollah x C25 
the pattern “ coloured leaf -sheath, pulvinus, auricles, internode, glumes 
apiculus ’ broke down once out of 4,669 plants examined, viz., one plant was 
found with colour in the glumes and apiculus, but with green leaf -sheath, 
internode, pulvinus and auricles. 

These exceptional cases might be simply mistakes in observation, but all 
were very carefully examined and if colour was present, it must have been 
developed to so small a degree that it could not be observed by the most 
critical examination, whereas the type plants had the colour strongly deve- 
loped. It is to be noted, moreover, that aff are cases in which colour failed 

2 


^ 0|i,6R|w 

and 

f-sheath^^jQ- 
""-'-Pi. 
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to develop in some part of tlie pattern, so tliey could not be due to accidental 
crossing, and moreover, the Fi plants, tbough not bagged, were grown isolated 
in pots. Ancidental mixture too is ruled out, as we liave no sucli types. It 
would seem, therefore, that they are real breaks in the pattern systems, or, at 
any rate, extreme negative variations in the development of colour in the 
part concerned. If, however, they are breaks in the pattern sysstems and the 
patterns are due to one unit factor, it is difficult to miderstand by wffiat mecha- 
nism these constituent parts of the pattern can break away, as they appear 
occasionally to do. Another case of a break in correlation is discussed belovr 
under grain colour, mz., between red colour in the grain and colour in the 
ligule of the leaf. Similar cases of breaks in colour correlation have been 
described by ParnelU in rice ; and in other plants, notably by Emerson- in 
maize. 

Again, it has been proved* that in same varieties localizations such as 
leaf -sheath, apiculus and stigma stick together absolutely and belong to the 
same system, as in the crosses Pankhiraj x Pookhi and Matichak x Pooklii, 
where this pattern segregates 3 : 1 in Fa Q^ob. I and 2 discussed above) ; 
but again in variety Noachur x Pookhi (No. 3 above) and others, the 
leaf-sheath and apiculus belong to a difierent system from the stigma, a 
system due to two interacting factors, segregating 15 : 1 ; whereas the 
stigma is united with the internode, and is due to a single factor and 
segregates 3:1. 

2. These patterns or systems have been shown sometimes to segregate 
independently of other systems, giving all expected combinations in expected 
ratios in F^, but frequently certain expected combinations are wanting, aiul 
the wanting combinations have been shown to be those which never occur in 
pure-line cultures. Examples of this are cases such as the cross Noachur x 
Pookhi. 

In Noachui" the system “ leaf-sheath and apiculus ” (A) segi’egates 16 : 
1 ; the system “ internode and stigma ” (B) segregates 3:1. 

On crossing with a colourless type (ab) you expect, if independent segre- 
gation is taking place,-— 

15 A ; 1 a 

; lb 

45 AB : 3 aB : 15 Ab ; 1 ab 

' Paruell, P. 11., Ayyangar, G. N. R. and Ramiah, K. “ The Inheritance of Cliaracters in 
Rice, I. ” Mem, Dept. Agri. India, Bol. Ser., Nov. 1917, vol. IX, no. 2, ‘ 

- Emerson, R. A. " Genetic Correlation and Spurious Allelomorphism in Maize, ” 
T mnty.fowth Am. Bep., Aqn. Exper. Station^ N^raaka.lQU, 1?]^. 
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ActiiRliy, tile combination of aB (green leaf-sbeatli and apiciilus with 
coloured internode and stigma) is absent, and the ratio obtained is — 

48 AB ; 0 aB ; 12 Ab : 4 ab 

In such cases we must be dealing either with three factors, two of which 
are completely linked, or one factor is common to both systems, while a 
second additional factor, interacting with the common factor in such a 
way that the presence of either is sufficient for the production of colour, is 
responsible for the colour in the system " leaf -sheath and apiciilus” (thus 
segregating 15 : 1)* Thus— 

15 A la 


: aB : Ab ; ab 
9 : 3 : 3 : 1 


12 B 4 B 

or ... 12 AB ; 0 aB ; 3 Ab : 1 ab 

This type of segregation occurs very frequently. 

Lastly, one instance has been found, viz., in the cross Miiramagar x 
Pookhi, in which the parental combinations (in this case coloured ligule and 
coloured outer and inner glumes ; colourless ligule and colourless glumes) 
occur more frequently than expectation if independent segregation is taking 
place, some of the ratios obtained indicating a coupling of the parental gametes 
in the neighbourhood of 7 : 1. 

The final conclusions are — 

1 . These colour characters are frequently inherited in patterns of groups, 
due either to one and the same simple factor or to the same interacting factors ; 
or due to several factors linked together. 

2. Considered in relation to other systems or patterns, independent 
segregation may take place, but frequently the groups are so inter-related, 
that certain combinations, expected if independent segi’egation were taking 
place, are never found, and these combinations are those which are absent in 
pure-line cultm’es. 

Grain colour. 

I he husked grain of rice is either some shade of red or white. A large 
number of crosses, both natural and artificial,- have been examined with 
reference to grain colour and in all, with two exceptions, simple, independent 
5 : 1 segregation has been found. As the inheritance of this character, with 
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to develop in Bome part of the pattern, so they could not he diu; to accuhcijia,! 
crossing, and moreover, the plants, though not haggl'd, were grown isohited 
in pots. Accidental mixture too is ruled out, as we have no such IvjX's. It 
would seem, therefore, that they are real hreahs in the pattern systcjus, or, at 
any rate, extreme negative variations in the development of colour in the 
part concerned. If, however, they are breaks in the pattern systems and the 
patterns are due to one unit factor, it is difficult to understand hy w'hat mecha- 
nism these constituent parts of the pattern can break away, as they appear 
occasionally to do. Another case of a break in correlation is discussed below 
under grain colour, viz., between red colour in the grain and colour in the 
ligule of the leaf. Similar cases of breaks in colour correlation have, been 
described by ParnelF in rice ; and in other plants, notably by Emerson- in 
maize. 

Again, it has been proved 'that in same varieties localizatimis sui'b as 
leaf-sheath, apiculus and stigma stick together absolutely and belong to the 
same system, as in the crosses Pankhiraj x Pookhi and Matichak x Pookhi, 
where this pattern segregates 3 : 1 in Fa (Nos. 1 and 2 discussed above) ; 
but again in variety Noachur x Pookhi (No. 3 above) and others, the 
leaf-sheath and apiculus belong to a dilferent system from the stigina, a 
system due to two interacting factors, segregating 10 : 1 ; whereas the 
stigma is united with the internode, and is due to a single factor and 
segregates 3:1. 

2. These patterns or systems have been shown sometimes to segregate 
independently of other systems, giving all expected combinations in expected 
ratios in F 3 , but frequently certain expected combinations are wanting, and 
the wanting combinations have been shown to be those which never occur in 
pure-line cultures. Examples of this are cases such as the cross Noaehur X 
Pookhi. 

In Noaehur the system “ leaf -sheath and apiculus (A.) segiH^gate.s lb : 
1 ; the system “ internode and stigma ” (B) segregates 3; 1. 

On crossing with a coloiuless type (ab) you expect, if indcfiende.nt segre- 
gation is taking place, — 

15 A : 1 a 
i3 B : 1 b 

45 AB : 3 aB : 15 Ab ; 1 ab 

‘ Parnell, P, B., Ayyangar, G. N. 11. aud Raiuiah, K. " Tlio Tnlniritaiioe of (_'liara<'(.(TH in 
Rice,!.” iJoi. iSer., Nov. 1917, v(yl, IX, no. 2. * 

2 Emerson, R. A. » Genetic Correlation and Spuriona AlleloinurpluHiit in Mujzo, ” 

'i' mnty.Jo%i,rlh Am. Bep., Agri. Exper, StaiioTk, N^hraaJoa, 1911, pp. 59—93. 
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Actually, tile combination of aB (green leaf^sbeatli and apiciilus witli 
coloured inteniode and stigma) is absent, and the ratio obtained is— 

48 AB : 0 aB ; 12 Ab : 4 ab 


In such, oases we must be dealing either with three factors, two of which 
are completely linked, or one factor is common to both systems, while a 
second additional factor, interacting with the common factor in such a 
way that the presence of either is sufficient for the production of colour, is 
responsible for the colour in the system “ leaf-sheath and apiciilus ” (thus 
segregating 15 : 1). Thus— 

15 A la 


12 E 4 B 

or ... 12 AB : 0 aB : 3 Ab ; 1 ab 

This type of segregation occurs very frequently. 

Lastly, one instance has been found, viz., in the cross Muramagar x 
Pookhi, in which the parental combinations (in this case coloured ligule and 
coloured outer and inner glumes ; colourless ligule and colourless glumes) 
occur more frequently than expectation if independent segregation is taking 
place, some of the ratios obtained indicating a coupling of the parental gametes 
in the neighbourhood of 7 : 1. 

The final conclusions are — 

1 . These colour characters are f requently inherited in patterns of groups, 
due either to one and the same simple factor or to the same interacting factors ; 
or due to several factors linked together. 

2. Considered in relation to other systems or patterns, independent 
segregation may take place, but frequently the groups are so inter-related 
that certain combinations, expected if independent segregation were taking 
place, are never found, and these combinations are those which are absent in 
pure-line cultures. 

Grain colour. 

The husked grain of rice is either some shade of red or white. A large 
number of crosses, both natural and artificial,- have been examined with 
reference to gi’ain colour and in all, with two exceptions, simple, independent 
o . 1 segregation has been found. As the inheritance of this character, with 
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the exception of the cases referred to, presents no special interest, this 
account is confined to the exceptions. 

1. The first of these was found in the cross Agartollah x 025 already 
described in connection with colour of the vegetative parts. In variety 
Agartollah, the grain is dark red with irregular black marks on the ventral 
edge giving the grain a slightly piebald appearance. On crossing with the 
colourless variety C25 (white grain), the Fj is like the Agartollah grain but 
paler in colour, and in segregation is into 1 red piebald: 2 pale 
piebald : 1 white. 

^ Actual figures obtained in three families examined for grain colour are 
given below 



Red piebald 

Bale piebald 

White 

1 

141 

329 

1 140 

2 

163 

360 j 

1 184 

3 

177 

342 

1-77 

Total 

471 

1,031 

610 


It is, however, when we consider the relation of the graiu colour to the 
colours in the vegetative parts, already described, that most interest attaches 
to tms case. 


We have already seen in variety Agartollah that the leaf-sheath, nnlvinus 
and auricle, mteinode, outer glunaes and apiciilns form a iiattern (A), duo to 2 

while the ligulo (B) is duo to S 
actor and segregates 27 : 37, together giving, on crossing with the colourless 
(green) type Pookhi— 


36 coloured leaf -sheaths, etc. (A) 


28 green leaf-sheaths (a) 


ABC ! ABc : AhC 

27 : 9 - 9 


27 coloured ligules (B) ; 

or .. 27AB : 9 Ab 


: aBC : abC ; Abo : aBc t ubc 

• 9 : 3 : 3 : 3 ; 1 


37 green ligules (b) 
: 28 ab 


When we exa^ntine the distribution of the grain colour with roferonco to 
. e a ove we find, with a few eicceptions, all class AB (coloured loaf-sluuith 
co oured h^de) have colotwed grains ; aU class Ab ( oloZd h' 

colourless hgdes) have white grains ; aU class ab (Lth olZss hZ 
coloured and white grains in a ratio of 3 : 1. AU white grains therefori, wit], 


G. P. H^:CTOB 
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tie few exceptions noted, are associated with colourless lignles, hut not vice 

versd. 

I'he actual numbers observed in 4 families were as follows 

27 AB : 9Ab : 28 ab 

Observed 1,226 .. : 414 . , , ... , 

* • 1,267 (4 families of 

2,907 plants) 


Coloured grain — white grain 
1,220 6 


White grains : Coloured grains — white grains 

414 951 316 

9ABc 9AbO, 9 aBC, 3 abO 3Abc, 3aBc, labc 

408-79 ' 


953-85 


317-90 


E.\-peot 1226-37 

It thus appears tiiat the factor respo.iisible for colour iu tbe grain is the 
third or G factor responsible for colour in the ligule. When C is present, the 
grain is coloured {with the six exceptions noted) ; when 0 is absent, the grain 
is white. Thus the colour in the grain must be due to this factor 0, or to a 
factor completely linked with it. In this connection, the six exceptions with 
coloured ligules and wliite grains, are important, as furnishing further evidence 
in support of the latter view, for if one and the same factor is responsible for 
b<.)th ligule and grain, it is difficult to conceive by what mechanism these 
exceptions could come about. On the other hand, if two linked factors are 
responsible, then these exceptions are simply rare instances of breaks in the 
linkage, such as have already been noted above in the case of the colour patterns 
in the vegetative parts, in which some of the constituent parts have been 
seen occasionally to break away. 

2, '^rhe second excexitional case has been found in the cross 09 x C 25, 
Here the parent 09 had a dark red grain, 026 a white. On crossing, the Fi 
was like the 09 grain but paler, and iu F.. segregated into four types of grain* 
dark red, pale red, pale amber and pure white. The figui'es obtained in 3 
families examined are given in the table — 


Total 

Uatio 


Dark red 

Pale red 

Palo amber 

White 

09 

150 

15 

40 

48 

119 

34 

26 

67 

87 

36 

26 

184 

356 

85 

to 


1 

1 

177 



1 
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In this case tlie figures again approximate to a I : 2 : I ratio for rod, 
pale red, and white, but tlie white class appears to bo of two sorts, viz., a 
pale amber class and a pure white. 

Summary. 

lied colour in the grain ordinarily gives simple 3 : 1 segregation in F , 
and segregates independently of colour in the vegetative parts. Two cases, 
however, have been found in which segregation in is into 1 red : 2 pale 
red : 1 white, and in one of these, the white are of two sorts, in equal 
numbers. In the other, the colour in the grain has been proved to be due 
either to the same factor which is responsible for colour in the ligule, or 
to a factor completely linked with this factor. The fact that there arc 
found a few cases of plants with coloured ligules and white grains, is 
evidence in favour of the latter view. 

Colour of ripe glumes. 

The colour of the ripe glumes of rice, i.e., the husk, is generally some 
shade of yellow, red or black, or a mixture of these. The colour is often 
uniform, but piebald grains are frequent. 

These ripe glume colours have been studied in all the seven varieties 
discussed above with reference to colour in the vegetative parts, and tlioac 
in which defijuite results have been obtained are described below, together 
with a few others. 

1. Variety Pankhiraj x Pookhi. Variety Pankhiraj ripens brownish- 
black ( Pig. 1) ; variety Pookhi ripens yellow-brown. On crossing, the 
ripe Pj glume is like Pankhiraj, brown-black, and in P 2 segregation is 
complete into 3 Pankhiraj glumes : 1 Pookhi glume. Actual figures obtained 
are given in the table. 


Parents 


Brown-black 


: Yellow-brown 


Itatio 


Pankhiraj x Pookhi 


G. HfeCTOJt 


Its 

Wc 1ia,ve above that; the colour in the vegetative parts of Pankhiraj 
forms a patt(n.Mi, viz. '‘coloured leaf -sheath, apiculus, stigma,” segregating 
5 coloured : L green in Ifo. Ooiisidered in relation to this colour in the 
vegetative parts, we lind the colour of the ripe glumes segregates 
independently, giving 9 coloured, black ; coloured, yellow-brown : ‘d green, 
black : 1 green, yellow-brown. Actual numbers observed were 4-01 coloured 
black : 114 green, black ; 113 coloured, yeUow-brown : 44 green, yellow- 
brown. 

2. Variety Matichak x Pookhi. The ripe glume of Matichak (Fig. 2) 
is almost indistinguishable from that of Pankhiraj, and segregation is 
in the same simple 3 : 1 ratio of black : yellow-brown, and independent of 
colour in the vegetative parts, as in No. 1. 

Actual figures obtained in three families examined were — 


Coloured plants j 
Black plumes 

! 

Coloured plants 
Yellow glumes 

• 

Green jdauts 
Black glumes 

Green plants 
Yellow glumes 

225 

5!) 

64 

30' 

279 

72 

127 

27 

202 

47 

48 

1 

Tor A I. 706 

178 

239 

73 


3. Variety Noaohur x Pookhi. Here the glume colour of both parents 
is almost indistinguishable and incapable of analysis in Fg. 

4. Variety Muramagar x Pookhi. The glume colour of both parents 
is almost indistijiguishable and incapable of analysis. 

5. Variety Surjamukhi x PppkhL The npe glume of, Surj is a 

brick-red colour ( Fig. 5 ). In the F| of this cross, the Pookhi 
glume (yellow-brown) is dominant, and in Fj segregatioji is into 3 Pookhi 
glumes : 1 Surjamukhi. 

Actually observed 742 : 250. 

Here again the ripe glume colour segregates independently of the colour 
in the vegetative parts, which have already been described. At flowering 
time, the glumes which ripen yellow-brown are pure green in colour, those 
^^ hich ripen red are a golden green. 

6. Variety Bailabakri x Pookhi. The glume colours of both parents 
are almost indistinguishable, and analysis is not possible in F;;. 
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7. Variety Agartollah x Pookhi. Tke glume colours of both parents 
are almost iiidistinguisliable and, analysis is not possible. 

In addition to the above, two other crosses have been examined witli 
reference to ripe glume colour, and have given definite results. Ilie.so ar<! 
described below. 

1. Rajshahi 22 x Bogra 17. Rajshahi 22 has glumes ripening brick- 
red like Surjamukhi, Bogra ripens yellow. Both varieties are colourless 
(green) as regards the growing vegetative parts. In yellow ripe 
glumes are dominant, and in P, segregation is as shown below! 

.Rajshahi 22 X Bogra 17 


Yellow 

Interniediate 
(yellow & red) 

Red 

58 , 

52 

7 

96 

58 

9 


^ An exactly similar result was obtained on crossing the .same Rajshahi 22 
With another variety with similar yellow-coloured glumes. 

■Rajshahi 22 X Chittagong 22 


Yellow 

Intermetiiate 
(yellow & red) 

Uniforin .Red 

88 

61 

9 

82 

.58 

14 

47 

20 

8 

Total of both 371 

266 

47 


ratio°of approximate to a 

yellow' wfflte obtain in F,. Xlio 

• three constitutions (1) pure vellow AB / 9 \ rr 

impure for one factor, AaBB or AARh m . H . ^ ^ 

F Tbp«. -Ti or AABb, (3) yellow impure for both. a.s iji 

n^gyeUow. 6 mtormeiate : 1 red. Beds being reoeeeive will give re,l.s 
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1?lie following actiiai results were obtained from F;> yellow and red-glumed 
plants. 


1917 

Yellow 

Intermediate 

Red 

Ratio 

Yelloav — 







2 families . . 

182 

- 

- 

1 

Pure yellow 



94 





8 families 

215 

67 

__ , 





208 

59 

- 

Yellow ; 

: Intermediate 



90 

30 


1,222 : 

; 318 



114 

43 

— 







1 expected 




81 

! 26 


1201 ’5 

401*5 



140 

41 

-- 

3 

: 1 



134 

43 

— 





' 240 

71 

- 




a families « . 

105 

60 

8 

Yellow ; 

; Intermediate 

: Red 


94 

70 

6 

638 

: 373 

-. 51 


(il 

46 

4 

• expeotcd 




239 

129 

20 

697-5 

398-2 

s 66-3 


139 

68 

13 

9 : 

6 

1 

Run — 







8 families . . 



91 







193 







144 

Yellow 1 

: Intermediate 

; Red 




296 

8 ; 

7 

^ 1,544 


I 3 

1 

205 

expected 




I ® 

2 

; 261 


pure red 




4 

1 268 





I 1 


1 96 

J 




Tbe excess of yellows in the families from yellow parents and the small 
numbers of yellow and intermediate in the families from red parents can 
easily be exxdained by natural crossing, as the F 2 plants were not protected. 
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2. Variety Kataktara x Gharnak. Variety Kataktara lias agaiji a 
bi'ick-rcd huyk, Okarnak a pale-yellow kusk. 'Cke Oharnak husk is dominajit, 
and in Fo segregation is into 3 yellow : 1 red. 

At .flowering time tke glumes which ripen yellow are pale green, those 
wliich ripen red are golden-green in colour. There is no connection otherwise 
between the ripe glume colours and the colours in the vegetative parts. 

Summary. 

• In the results discussed above, definite ratios have been obtained in five 
eases. In two of these, Pookhi was crossed with varieties having glumes 
ripening black. In both, the Ppokhihusk (yellow-brown) was recessive, and 
segregation ,was into 3 black : 1 yellow-brown. 

In another, Pookhi was crossed with a variety with glumes ripening 
red. Here Pookhi was dominant, and segregation into 3 yellow-brown : 1 
red. 

A similar result was obtained in the cross Charnak x Kataktara. The 
yellow glume of Charnak was dominant over the red of Kataktara, and 
segregation was into 3 yellow:,! red. 

In still another cross between yellow and red, yellow was again dominant, 
but* segregation was into 9 yellow ; 6 yellow and red : 1 pure red. 

j. In no case has any connection been proved between the ripe glume colours 
and the colours in the vegetative parts previously discussed. 


APPENDIX I. 


Colour combinations of 211 coloured varieties of rice. 


/. Leaf-sheath coloured, ajyiculus coloured, stigma coloureds 


Glass No, 

Pulvinus 

Auricle 

Ligule 

Node 

Internode 

Outer glumes 

1 

p 

2 

0. 


Awns 

No. of types 

I 

~ 

- 


- 

X 

- 

-- 


- 

1 

2 

a 

X 

X 

- 

_r 

~ 

_ 

- 


__ 

1 

4 

X 

__ 


„ 

X 

_ 

_ 


— 

' . 1 

s 


_ 


X 

X 


_ 


. 

1 

6 


. _ 

X 


„ 


- 


X 

1 

7 

X 

X 


- 

X 


- 



1 

8 

X 

X 

- 

X 


_ 

_ 



1 

0 

X. 

™ 

_ 

X 

X 


_ 


__ 

0, 

10 



X 

X 

X 


_ 



1 

n 


“ 

_ 

X 

X 


- 


X 

5 

.12 

- 

_ 

X 

X 

X 

__ 

X 


_ 

1 

13 

X 

X 

X 

„ 



— 


X 

1 

14 

X 

X 

_ 

X 

X 

— 

_ 



30 

U 

X 


X 

X 

X 

„ 

__ 


— 

1 

16 

X 

X 

_ 

~ . 

X 

— 



X 

1 

17 

X 


- 

X 

X 


_ 


X 

2 

18 



X 

X 

X 


__ 



1- 

19 

X 

,x 

X 

X 

X 

“ ■ 

__ 



7 

20 

X 

X 

- 

X 

X 

- . 

- 


X 

24 

. 21 

X 

- 

X 

X 

X. 


__ 


X 

1 

22 

- 

X 

X 

- 

X 

X 



X 

1 

23 

X 

X 

-- 

X 

X 


X 


— 

1 

24 

, 


X 

X 

>> 

X 

X 


X 

1 

25 

X 

X 

X 

X 

X 

- 

— 


X 

6 

26' 

X 

X 

- 

X 

X 

X 



X 

1 

27 

X 

X 

- 

X 

X 

X 

X 


X 

1 

28 

X 

X 

X 

X 

X 

X 

- 


X 

1 


X =■ coloured. 

■ ; V i-. greeft (coloarless). 
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CORRELATION OF COLOUR CHARACTERS IN RICF. 


APPENDIX I---c(weZa(. 

II . Leaj~s1imth coloured, apiculus coloured, stiynui white. 



N =» coloured. 

« green (colourless). 



APPENDIX II. 


Golour aomhinatiom in seven pure-line types of rice and in of crosses between 
them and green varieties. 



— = green {colourlese). 
( 181 ) 
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GORRELATION OP COLOUR CHARACTERS I'N RICE 


APPENDIX ll—crnm. 



X = coloured. 

~ — green (colourless). 
> Breaks in the pattern systems, 


APPENDIX Jl-^cmcU. 



X = coloured. J 
' ~ = green (colourless). 
* Breaks in the pattern systems. 



the inheritance op characters in RICE, II. 


BY 

F. R. PARNELL, M.A,, Ag.Dip. (Cantab.), 

Govermnent Economic Botanist, Madras, 

WITH THE ASSISTANCE OP 

a. N. RANGASWAMI AYYANGAR, B.A., 

Assistant Economic Botanist ; 

K. RAMIAH, L.Ao., and 0. R. SRINIVASA AYYANGAR, L.Ac., 


and subsiiary to, the breeding of improved strains. It is frequently impos- 
sible, therefore, immediately to follow up and finish off points of interest as 
they arise ; moreover it is often uncertain as to when they will be taken up 
again. In the circumstances it has been decided to publish any definite results 
as they become available without waiting for a degree of completion that 
may never be possible. 

Characters investigated. 

1. Golden colouring op inner glumes with modifying factors. 

Some earlier results in connexion with these characters were given in 
Part I, pp. 80-86. The factors concerned have now been worked out in greater 
detail, though there are still certain points on which evidence is wanting. 

*Paniell, F. R. , and others. Mem . Dept . Agri . India , Dot . Series , IX no 
Nov. 1917. 

( 185 ) i 
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THE INHERITANCE OF CHARACTERS IN RICE^ II 


Four factors have been identified with certainty and one inorf^, 7i', is put 
down provisionally. Adopting the presence and absence ’ jictation, their 
description is as follows :~ 

G produces darh gold. 

I modifies ail golden colouring to a corresponding degree of dmls 
furrows and inhibits golden colouring of the internode. 

P produces a piehald pattern on dark gold or dark furrows. 

T gives tipped gold from dark gold, ripening straw from ripening gold 
and granular dark furrows of degrees. 

B regarded, provisionally, as giving even- colouring by prevention of 



In the absence of G, and apart from other complications, the imu'C ghinies 
are ripening gold. This colouration is quite distinctive, the ghmu's biung 
almost green at flowering and passing through lemon yellow to a dull light 
gold at maturity (Plates I and II, fig. 1), unset grains remaining giauoi. No 
case of the absence of this colouring, other than through inhibition, has been 
recorded, hence its production is not assigned to any factor in the notation 
employed. 

A golden yellow internode is present in all plants with golden glumes, as also 
in the ripening straw type where ripening gold is inhibited by T, In other 
words, it occurs in all plants in the absence of /. 

The factor G. 

In the absence of 1 this factor produces a dark gold colouring of 
the inner glumes. The latter are definitely gold at flowering and darken 
as the grain develops to a reddish brown at maturity (Plate I, fig, 2, and 
Plate II, fig. 4). In unset grains the glumes do not darken appreciably 
with age. 

In the presence of I all trace of gold disappears and it is replaced by a 
blackish brown pigment, showing mainly in the furrows of the glumes, giving 
the type described as dark furrows (Plates I and II, fig. 5). From the results 
of a large number of crosses it appears that dark furroios and dark gold are 
produced by the same factor, G, and that the presence or absence of / deter- 
mines which colour shall develop. 

A similar modification takes jdace in the case of ripening gold which, in 
the presence of 1, is replaced by a very dilute form of dark furrows di'scrihed 
as ripening furrows (Plate I, fig. 4, and Plate II, fig. 2). Thus G may 
simply an intensifying factor which darkeiifs tile ripening gold and furi'ows 
types. 
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Bark gold, QGii,x ngening gold, ggii , gives an Fj rather lighter 
than the dark gold parent. In F 2 an ordinary 3 : 1 ratio of dark gold : ripening, 
gold m obtained, as shown by the figures given below. The ripening golds are 
easily separable with absolute certainty. In the dark golds two groups can 
be distinguished since the heterozygotes are rather lighter in colour than 
the pure dark golds. A strictly accurate separation is not possible, however, 
as shown by the fact that of 112 plants described as dark 13 proved 
heterozygous, and of 117 medium 2 bred true. 

Table I gives figures for a number of families in which this separation 
was made and shows a near approximation to the expected 1 : 2 : 1 ratio. 

Table I. 


Segregation of Ggii. 


Origin of parent 

Ref. No. 

Dark gold 

G G i i 

Modium gold 
Ggii 

Ripening gold 
ggii 



1793 N 

231. 

440 

206 



1797 N 

176 

409 

195 

Medium golds from 

1 



No. 1247 N 


1798 N 

181 

411 

176 


1 

1799 N 

180 

407 

198 

1 

1800 N 

218 

463 

232 

Miscellaneous 

8 lots 

1,658 

3,372 

1,674 

Totai. 


2,644 

5,502 

2,681 

* Oahnlated 1:2:1 . . 


2,707 

5,413 

2,707 


* N.B. All cahulatid ratios are given to the nearest tohole. number to avoid jraciions. 

The following total figures were obtained by combining the families of 
Table I with others in which only the two main groups were separated ' 


Dark gold Ripaniag gold 

G i gi 

' 29 families .. .. 10,104 o,483 

Gahulated 3 : 1 .. 16,190 : 5,397 

Entirely similar results are given in the segregation of the type G g U 
where dark furrows replace gold. Here again three types can be distinguished 
in 0 * 2 , though in this case there is some uncertainty in separating the recessive 
group of ripening furrows from the medium furrows. Thus of 21 plants 
assigned to the former group 1 proved heterozygous, whereas of 26 noted as 
lueditim 2 bred true to ripening furrows. 
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The results of a number of families in wMoh, three groups were separated 
are given in Table II, which shows d. 1 :2:1 ratio. 

Table II. 

Segregation of G! g 1 1 . 


Origin of parent 

Ref. No. 

Dark furrows 
G G I I 

Medium furrows 
G g I I 

Rilianiug furrows 
« g 1 1 

Cross No. 1236 N . . 

1760 N 

288 

568 

254 


2221 N 

91 

180 

105 


2222 N 

72 

175 

67 

Medium furrows from 

2223 N 

67 

117 

61 

No. 1760 N 

2226 N 

99 

219 

129 


2226 N 

144 

310 

151 


2229 N 

79 

14S 

HI 

1 

2230 N 

67 

148 

72 

Miscellaneous ... 

4 lots 

409 

839 

428 

Total 


1,316 

2,704 

1.361 

Calculated 1:2:1 . . 


1,343 

2,685 

1,343 


uvruci. xiguj-ca iux au lammes 

only being separated, are as follows : 


23 families ... 
Calculated 3 : 1 


Dark furrows Biponing furrows 
G 1 g 1 


9,538 

9m 


3,243 

3,195 


The factor I. 

As^ already noted the presence of 1 changes any form of golden colouring 
of the inner glumes to a corresponding degree of darlc furrows. 1'his factor 
was described in Part I, p. 82, as an inUbitory factor for gold, and figures 
were given in Table III, p. 81, showing a .3 : f ratio of urcm : gold due to thi; 
segregation. The so-called green types, in reality various forms of dark- 
furrows, were described as green merely to indicate the absence of gold The 
same 3 : i ratio for the presence and absence of / has been repeated in a very 
Urge number of later famiKes, the two groups appearing, in all cases, beiim 

corresponding types of dart furrows and gold respectively. ” 
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Where the golds are splitting into difEerent groups, due to the segregation 
O ' G 01 one of the modifying factors, the dark furrows show the same groups. 
All example of this is given in Table III, showing the segregation occurring in 
the Ggl i type, where the usual three groups appear in both golds and 
furrows. 

The first two families are F 2 ’s of a cross between dark furrows, GGl I, 
and ripening gold, g g i i ■ the others are frota plants oi 6 gli constitution’ 
extracted from a more complicated cross. 

Tableau. 


Segregation o/G g I i . 


Origin of parent 

lief. No. 

; Fobkows 

Gold 

Dark 

GGI 

Medium 

Ggl 

Rij)eniag 

sgi 

Dark 

QGi 

Medium 

Ggi 

Ripening 
g g i 

FpGGII.x ggii .. 
Gross No. 1236 N 

Medium furroivs from 
No. 1763 N 

Miscollanooua . , i 

r 2569 

L 2673 
1763jN 
i 2237 N 
f 2240 N 
i 2244 N 

3 lots 

143 

237 

188 

126 

80 

75 

215 

32.6 

482 

385 

230 

165 

168 

412 

161 

267 

193 

126 

78 

86 

237 

54 

81 

80 

43 

24 

27 

63 

110 

170 

126 

86 

49 

59 

166 

58 

74 

75 

60 

26 

30 

67 

Total 


1,064 

2,167 

1,138 

372 

766 

380 

3:6:3 : 1:2:1 . . 


1,104 : 

2,207 : 

1,104 : 

368 : 

736 : 

368 




4,369 



1,518 


Ssl 



4,415 



1,472 



Counts have been made in a very large number of families showing 
segregation of I and the total figures are as follows 


Dark furrows (various) Gold (various) 

120 families .. 98,541 32,126 

GahulaUd 3 ; 1 . . 98,000 ; 32,667 

Piebald factor P 

I he action of this factor has been described in Part I, pp. 85 and 86^ 
where figures are given, Table VII, showing a simple 3 : 1 ratio of 'piebaU : 
self-Gohur in both gold and dark furrows. Only one further family giving 
this type of segregation has been examined; this was the F^ of a cross 
between dark gold, G Gi i pp, and piebald dark furrows, G G1 1 P P. 
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The following figures, showing approximately the 9: 3: 3: / ratio 
expected, were obtained 



Dakk 

iPUBEOWS 

Gor.i) 


Piebald 

G 1 P 

Self -colour 

G I p 

Piebald 

G i P 1 

Self-colour 

G i p 

No. 1285 N 

969 j 

278 

283 1 

j 

97 

9 : 3: 3:1 

915 

305 

305 

102 


The piebald types are shown in Plate I, figs. 6 and 7. 

The effect of the piebald factor on the ripening gold type lias not yet been, 
noted. 

The J actor T. 

The action of this factor is very similar to that of P, since it limits tlic 
colouring due to G, though to a smaller extent. In homozygous darlc golds it 
produces tipped gold, a type in which small green areas appear at the apex and 
base of the glumes (Plate I, fig. 8). dTie green areas vary some,wliat in size 
and occasionally the lower one is absent, the base of the grain boi,ng e,ntirely 
gold. In heterozygous golds, where the colour is lighter, the restriction of the 
gold colour is greater and much less regular, giving a very variable type, pideku 
gold (Plate I, fig. 9). ‘ 

The restriction of dark furrows is very irregular, the result being a con- 
siderable reduction of the pigment, which as8ume.s a gi'anular appearance, and 
its restriction roughly to the midae part of the grain. The type produced 
gmnuhr Arf / mo'o™ (Hate I, fig. 10), shows very considerable variation! 
The reduction of pigment is much greater in the Qg type, a.s with the golds, 
but it is not possible actually to separate two types corresponding to tipped 
and patchy golds. 

The factor 1 inhibits ripening gold almost entirely, giving ripening straw 
in which the glumes are sUghtly yellowish ui early stages (Hate I, fig. 3) but 
ripen to ordinary straw-colour (Plate II, fig. 3). Occasionally a few grains 

show traces of gold in very small patches and there is some indication that 

this IS more common in heteroaygotes of the Tt type. The golden iiiternode 
IS not affected but persists in the ripening straw type as one of its distiuotive 
features. , 

The results given in Part I, pp. 82-S4 and Tables IV-VI, are now 
easily explained. The original cross that gave the families of Table 1 V 
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was obviously of the coiistitiition GgTt, and the two families followed 
up were— 

Ho. 4dl ggit giving a simple 5 ; ratio of ripening strmv : rwenina 
goUh Table V. 

No. 432 G g T T giving 1 : 2 : ./ ratio of - tipped gold : patchy gold : 
ripening straiv, Table VI. 

In both cases further generations confirmed these results. 

A large amount of material arising from various crosses has now been 
examined and in all cases the above explanation of the behaviour of T is in 
strict accordance with the results. It appears, however, that there may be 
some other factor producing slight modifications. Thus in some groups the 
tipped golds are quite distinct, whereas in others they are not easily separable ' 
from some of the patchy golds. Similarly in some groups the ripening 
straws constantly show specks of gold, whereas in others this is very rare. 

Below are given the results from two crosses between pure types, and 
also the summarized results of several generations from certain natural crosses 
in which the same factors are concerned. 

Tipped gold, GGT 1\ x dark gold, GGtt, gave Upped gold in F^. A 
simple 3 : 1 ratio of tipped gold : dark gold resulted in F„ as follows :~~ 



Tipped gold 

Dark gold 


G T 

G t 

No. 25y(:i 

590 

184 

Gaioulakd 3 : 1 

5ST 

196 


Dark gold, GGtt x ripening straw, g g T T, patchy gold in Fj. Six 
groups ajiiieared in Fg Imt patchy and tipped golds were counted together, 
as also dark and medium golds. The figures for the four main groups sepa- 
rated were as follows : — 



Gold 

RlrENlNO 


Tipped & patcliv 

Dark & medium 

Straw 

. Gold 


G T 

G t 

g T 

g t 

No. 2581 .. 

1,:335 

455 

443 

170 

Odkulalcd 9:3:3: J 

1,351 : 

‘ 431 

451 

130 


Similar results were given by a natural cross of which the progeny have 
biMUi followed up in some detail. The F^ appeared as a patcihy gold plant in a 
family giving a simple o : 7 ratio of ripening straws to ripening golds. This 
cross, Ho. 7-18 N, was obviously of the constitution Gg T t, as No. 2581 above> 
since it gave the same groups in F. . 
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At that time, however, the behaviour was jiot uiidiJEstood junl. tli.(>. <fr(mj)s 
were not properly separated, ; thus no numbers can be gi veil for iA. Tiie 
results. given by j)lants carried .forward in F-jand F4 are summarised iu 
Table IV where it will be seen that the various types are beluiviiig aee,ordi.ng 
bo expectation. 


Table IV. 

F, and of No. 748 N. 


Parent oharacters 

No. of 
lots 

Tipped 

gold 

G G T 

Patchy 

gold 

G g T 

Gold 

Gt 

Ripening 

straw 

g T 

Ripening 
gold 
g i- 

Park gold 

9 



pure 



Medium gold 

14 

(.? ; 1) 



9,511 

9„542 


3,212 

3,131 

Ripening gold 

21 





pun- 

Ripening 8traw (all 
slight gold patches) 

5 

(i ; 1) 

•• 1 



5,017 

4,970 

1,(510 

1,65^ 

Patchy gold 

Bitto 

13 

{9. -3:3:1) 

(5,491 

6,39/ 

2,01(5 

■2,122 

2,183 

2,132 

(5H2 

?11- 

ilJl) 

(550 

666 

1,323 

1,331 


(590 

6o6 


Tipped gold 

1 

pure 





Bitto 

5 

2,7(18 


804 




b? •• i) 

2,679 


S93 

■■ 1 



Two orosaos, appearing as gnmuUr dark furrows in a pave ripening gold 
lot, gare similar results to tic above with the. added complication of .scgrcm- 
tjon for the factor/. The Fj's were not properly .separated into group.s for 
counting but the same groups appeared as iu Nos. 2681 and 718 N above 
together with the corresponding dark furrows types, viz., granular dark 
Junom, dark furrows, granular ripening furrows and ripening furrows. 

C^ne ramily only, No. 1236 N, was followed up. The gold types, where / 
was absent, gave results similar to those of Table IV. The lots showing se.r- 
regation for T are summarised in Table V. There was some difficulty in sep.v 
rating tipped and patchy golds in some of these lots, also in separating tli,. 
lowest gi-ades of patchy gold from some of the ripening straws showing the 

maximum amount of gold in slight patches. 
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Table V. 

and of No. 1236 N, gold lots. 


■Parent characters 

No. of * 

Tipped 

gold 

Patchy 

gold 

Gold 

Ripening 

straw 

Ripening 

gold 



GGT 

GgT 

Gt 

gT 

g t 

Tipped, gold 

3 

2,091 


675 




{3 : 1 ) 

2,074 

. ■ j 


691 



Patchy gold 

24 . 

3,123 

6,018 


3,050 



( 1 : 2 : 1 ) 

3,048 \ 

\ 

6,095 


3,048 


Ditto 

13 

4,625 

1,389 

1,680 

522 


( 9 : 3 : 3 : 1 ) 

4,621 

1,540 

1,540 

513 


Of dark furrows types the majority that were carried on were of the 
medium dark furrows type and some of their results have already been given 
in Tables II and III. 

Only eight granular furrows plants were carried on and these gave live 
types of segregation in Fa, as shown by Table VI. 


Table VI. 


F,^ of No. 1236 N, dark furrows lots. 


I'arents 

No. of 
lots 

Gra- 

nular 

dark 

fur- 

rows 

GTI 

Dark 

fur- 

rows 

Gtl 

Gra- 

nular 

ripen- 

ing 

fur- 

rows 

gTl 

Ripen- 

ing 

fur- 

rows 

gtl 

Tipped 

gold 

GGTi 

Gold 

Gti 

Ripen- 

ing 

straw 

gTi 

Ripen - 
ing 
gold 

gti 

Granular ripening 
furrows 

1 



629 

195 



188 

68 


( 9 : 3 : 3 :!) 



607 

202 



202 

67 

Granular dark 










furrows . . | 

1 

632 

217 

178 

78 





i 

( 9 : 3 : 3 : 1 ) 

621 

207 

207 

69 





Ditto 

1 

483 

169 







i 

( 3 : 1 ) 

489 

163 







Ditto 

4 

3,803 




1,313 





( 3 : 1 ) 

3,837 




1,279 




Ditto 

1 

505 

156 



176 

82 




( 9 : 3 : 3 : 1 ) 

517 

172 


\ 

172 

57 1 




1^)4 THE tNHEEITANCE OF Oti:AEAGTERS IN RiCE, it 

Several other natural crosses have been found in which the factors T and 
1 were concerned. Some of these, granular dark furrows appearing in a pure 
tipped gold type, were carried on and gave the results shown in Table VIL 
Some of the figures are not as near as could be desired to expectation but there 
is no doubt that they represent the ratios noted. 


Table VIL 

Segregation of G G T 1 1 i. 


Origin of parent 

Ref. No. 

Granular 

dark 

furrows 

G G T I 

Dark 

furrow.? 

G G t 1 

Tipped 

gold 

G G 'V i 

Dark- 

gold 

G G 1 i 


^ 1272 

84G 

305 

281 

103 

Natural crosses 

1275 N 

2,945 

77n 

838 

264 


, 2 lots 

3,393 

1,022 

957 

.360 

No. 1272 F., 

4 lots 

2,6(10 

898 

824 

1 

1 270 

No. 1275 N F., 

4 lots 

2,570 

793 

,874 

1 2.34 


Total 

12,414 

3,793 

3 , 774 ^ 

1,2.31 


{9:3:.hl) 

11,932 

3,977 

. 3,977 j 

1,325 

No. 1272 F./ 

I 3 lots 

2,466 


889 1 


No. 1275 N F.. 

1 lot 

1,003 


322 



Total 

3,469 


1 

1,211 1 



(.L‘ -?) 

3,510 


1,171) 


No. 1272 Fo 

2 lots 

1,.599 

592 

■j 


No, 1275 N Fo 

3 lots 

2,951 

733 

! 



Total 

4,550 

1,.325 




{3 : 1 ) 

4,406 

1,469 

•• 1 



Mottling. 

On serial occasions it was noted that certain families derived from 
natural crosses, splitting for some type of gold or dark' farrows colouiing, 
showed a wittiber of plants with mottled grain. At first this was put down to 
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some extraneous cause such as damage by insects or discolouration due to 
the grain coming in contact with water. It was found, however, that when 
such plants were carried forward they bred true to this character. The 
mottling is not seen till the grain is practically ripe ; irregular light 
coloured areas then appear scattered over the grain and give it a distinctly 
moth-eaten appearance (Plate II, fig. 6). 

The inheritance of this character has not yet been worked out from crosses 
of the pure mottled types but, fi:om the results of two F 2 families in which 
this type was present, it appears to be simply recessive to even-colouring. In 
the two families concerned six groups occurred, viz., dark, medium and 
ripening for both gold and furrows. In all groups both even and mottled 
occurred in about the same proportion, the total figures showing ad:/ ratio 
as below : — 


No. 2509 

Even 

611 

Mottled 

230 

„ 2073 

. . 981 

330 

Total 

.. 1,092 

0(30 

3:1 

.. 1,614 

: 53S 


Further work on crosses between pure types is necessary to confirm these 
results but, provisionally, an even-colouring factor i? may be held responsible 
for the prevention of mottling. 

2. Shape op grain. 

One of the most striking features of cultivated rice is the enormous varia- 
tion shown by different varieties in the size and shape of the grain. There 
must be a large number of factors concerned in this variation and their 
analysis is likely to prove a matter of some difficulty. Generally speaking, 
as is very common in such cases, a cross between widely different types 
gives an F^ somewhere intermediate and an F. comprising a complicated 
series of overlapping types that result in a more or less continuous variation 
between widely different extremes. 

In two cases, however, single-factor variations have been found. One of 
these, connected with a dwarf habit, is described later. The other, with which 
the present description is concerned, is closely connected with the factor 6/ that 
has been dealt with above. 

It will be seen from Plate I tliat the Hpming goU and ripming furrows 
types, figs. 1 and 4, are distinctly long and narrow, fine, compared with the 
dark gold and dark furrows types, figs. 2 and 5, that are shorter and broader, 
coarse. This distinction has been noted in all the varieties so far seen that 
show these colourings. In other words S G varieties are ooarse and gtj 
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varieties are /wie. The distinction is more a matter of tlie r<‘lati(),ii heiAveeti 
length and breadth of the grain than of absolute measuro.iiKMits, tliough vei'V 
commonly fr varieties are both shorter and broader than ///; vaih'tie.s. 

Crosses between the two types give an intermediate F, a.nd a,n !<!> com- 
prising three groups — coarse G G: intermediate G g : fine g g in a / ; 2 : i rat io. 

The connection was first noted definitely in a family, No. 1217 N, giving 
a b:l ratio oi darlz and medium gold : ripening gold. Grain measurements 
were made for each plant and the averages for the two groups were as follows - 

No. of Length Breadth Length 

plants mm. mm. BlSdth' 

Dark and medium gold .. 1182 8-45 3*00 2*8 

Ripening gold .. .. 378 8'85 2-75 3.2 

In all cases, both here and in later figures, the grain measiirc^d was tihe 
ordinary grain of paddg that breaks off on threshing. This (nmitrises ihc ri<i(' 
grain enclosed in the inner glumes, with the receptacle and oiil.cr glumes 
attached at the base (Plate III, figs, 1-6). It was found that the me,a,siire- 
ment of three of the end grains from a well-developed panicle was suilieientiy 
accurate for each plant and, except where otherwise stated, the figures that 
follow are based on such measurements. 

Fu3.ther families from the above lot confirmed these results ; pure, dark 
golds were coarse, pure ripening golds were fine, and splitting lots gave three 
groups— coarse dark gold, intermediate medium gold and fine ripening gold. 
The averages of several pui’c lots are shown in Table Ylll comi)ared with* 
one of the splitting lots. The average of a number of natural crosses oeamrring 
as medium golds in .the pure ripening gold lots, is also shown. 


Table VIII. 

Length and breadth of grain and factor G. 


Bef. No 

Character of 
parent 

Dari 

G 

gold 

G 

Medium gold 
& 

■ 

Riponing gold 
g g 

L. 

B. 

L. 

B. 

L. 

B. 

1794 N 

Dark gold 

8-3 

3-0 




- 

1796 N 

do. 

8'3 

2*9 





1796 N 

do. 

7-8 

2*0 





1789 N 

Ripening gold 

* • { 






1790 N 

do. 





8*8 

2*6 

1791 N 

do. 





8*9 

2-6 

1792 N 

do. 





9*0 

2'7 

1800 N 

Medium gold 

8-4 

3*0 

8*7 

• • 

8*9 

2-7 

Crosses 

(36 plants) 



8-6 

2*9 

2*9 

9*1 

2*7 


N .B, 3iectmremmts are in miUimetms. 
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stantlvin' *1M “'7“*'® 

on . '"7 T'Satmg for ff, irrespective of wiretlrer the ohavaeter 

lamihee of wkch results have been recorded it appears that other factors 
bO ave been concerned in the determination of size and, to some extent, 

shape Ihus the measurements of different families of the same original 
cross show distinct variations. Conditions of grotrth undoubtedly afiect the 

the difficulties met with in dealing with such characters ; thus one season’s 
neasureinents cannot be compared directly ivith tho.se of another. .Some of 
, le differences met with, however, are too large and too various to admit of 
tnih as tile whole explanation. 

This will be seen from Table IX where the results arc given of ,i.x families 
from the same original cro,s» and .splitting in the same manner. They were 

The average length and 

. cadth of gram is given mr each group, together with the value L/B It will 
be seen that the variation from family to family is considerable, though 
the usual conuection between 0 and shape still holds for any one family. 

Table IX. 


Ref. No. 

■Dihrk furrow.s 

G G 

L. 

B. 

L/B. 

2223 N . . 

8-4 

3-0 

2*8 

2225 N . . 

8-2 

2-8 

2-9 

2229 N . . 

8-4 

2 ‘9 

2*9 

2230 N . . 

8-5 

2*9 

2*9 

2236 N . . 

8-6 j 

2-6 

3-3 

2241 N . . 

8*4 

2-6 

3*2 


Medium furrow.s 
G g 


S-5 

8-4 

8-6 

8*7 

8-8 

8-4 


2-9 

2-7 

2*8 

2-7 

2-6 


L/B. 


3-0 

3-1 

3*1 

3*2 

3*4 

3-4 


Ripening fuiTow.si 
« g 

L. 

B. 

L/B. 

8*9 

2*0 

3*4 

8 *0 

2*4 

3’S 

9*0 

2*5 

3*6 

9*2 

2*5 

3*7 

8*9 

2*1 

4*2 

8*5 

2*3 

3*7 


N.B. Measurements are in millimetres. 

Several crosses between pure types have now been made for further 
exact work. One of these, Xo. 2684, dark gold x ripening gold, has gi ven the 
lesults '^^lown in Table X. For the parents and F, 100 grains each were 
measured ; m .h , 10 grains were measured for each of 100 plants in each group 
I he table shows the range of variation in length, breadth and length ~ breadth 
ol each group in Fg, together with he averages. 


198 


THE INHEiilTANOE OP CHAMCTPR*? IN BTOE, H 


Table X, 

Grain measurements of No, 2584, J'a, 


Dark gold x Ripenmg gold. 



Number or plants 


NtlMBlCR OP PLANTH 

Length 

mra. 








.... . 

Dark 

gold 

Medium 

gold 

Eipening 

gold 

Breadth 

Dark 

gold 

Medium 

gold 

Biiieniug 

gold 

8-2 

8- 4 
8-6 
8-8 

9- 0 
G-2 
9*4 
9*6 

13 

43 

32 

11 

1 

2 

13 

40 

36 

8 

1 

2 

17 

39 

33 

8 

1 

3*0 

3-2 

3-4 

3*6 

3- 8 

4- 0 

4-2 

4*4 

22 

67 

11 


1 

24 

62 

11 

'*7 

42 

33 

1(5 

Average 

length 

8*43 

8 *(53 

9*10 

Average 

L/B 

314 


3*31 

3*HH 

Breadth 









mm. 

2*1 

2*2 



1 

17 

Averayfui Jor puranlN avd 


2 3 



39 






2*4 

2*6 

2*6 

2*7 

2*8 

is 

97 

15 

*3 

24 

50 

23 

40 

3 


Dark gold 
pa rent 

F, 

Kipnnlng 

gold 

parent 


.. I 

Length 

Breadth 

L'B 

8 •;}{) 


B‘72 

• 8*75 , 



Average 

breadth 

2*70 

2*59 

2*33 

2*75 

3*00 


2*60 

3-36 

2*27'' 

3*85 


It will be seen that the lionio^ygoiis groups in Fo are quite distinct in 
shape ; thus, whilst there is some overlapping in length, the groups are quite 
separate as regards breadth and length -- breadth. They do not reproduce 
very exactly the measurements of the two parents. By an oversight only 
the actual parent plants of the cross were measured. Had the average of a 
number of plants of each parental type been taken, it is po.ssiblo that a closer 
approximation would have resulted. This point will probably be settled in 
future generations. 

In Plate III, figs. 1-6, photographs are given of single grains from the 
two parents, Fj and the three groups of F,. of the above cross. The grains 
were selected so that each corresponds in its measurements with the average 
of the group from which it was. taken. 
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A tether I»int of interest, and one of considerable economic importance, 
n ut the Wis,7,« of the gram varies with its s/wpe, the coarser types being 
Aeavier Ihia has been recorded in several families of which one. No. 2684, 
lor wJncli .measuremfinf,.<3 arA o-itroYY V . ,, . „ 



Weight oe 100 gbaihs 

in grammes 


Dark gold 

Medium gold 

■Ripening gold 

■Dark gold parent . . I 

214a 



Eipeniiig gold parent . 



1*755 

F, 


2*0o0 



2*144 

2*075 

1*910 


The figures for F, represent the averages of 100 plants in each group ; for 
-P, and the parents only the single plants concerned were weighed. 

It IS not possible at present to give a definite interpretation of the con- 
nection between grain shape and the factor G. That a very close connection 
exists IS obvious from the results given. Coarseness may be due to a separate 
factor closely linked with G, or, on the other hand, the factor 6* itself may be 
the determining factor. Further work, including a search for cross-over 
types, is necessary before a definite statement can be made. 

B. A DWAEP HABIT. 

Beference has already been made to a single-factor variation in grain-shape 
that IS connected with a dwarf The variety that introduced this habit 
lb strikingly difierent from ordinary varieties in many important points and 
IS the only one of its kind that has been seen. It was obtained, through the 
courtesy of Mr. McKerral, Deputy Director of Agriculture, Lower Burma, 
from the Government Agricultural Station, Hmawbi, Burma. . ■ * 

The plant is shortened and thickened in all its parts and forms a very stiff 
erect clump. The leaf is coarse and rough, much broader than that of any 
ordinary variety and quite erect. The panicle is very compact, cigar-shaped 
and erect due to its short stiff branches being closely pressed together. The 
gram is short and romided. 

^ .rhis dwarf variety, E. B. 304, has been grown for several seasons at 
Coimbatore and in one of its generations a natural cross appeared. This cross 
was normal in every respect and showed no trace of the dwarf characters 
t escnbefl above. In F^ the whole of the dwarf characters segregated together 
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and a vsimple : / ratio of normal : ddvarf was fcho result, tlie aciiUiil nuiuhcu’s 
being 1348 : 897. Tlie dwarfs were absolutely distiimt from tli(‘ normals a, ml. 
apart from a slight increase in vigour, were identical with the dwarf parent in 
all its peculiarities. The normals were entirely rmrmal and shovve<l im (rjum 
of any of the dwarf characters. Plate IV show's photogra])hs of tin* two typ<‘.s 
appearing in Fa. 

It is obvious that a single factor is concerned ins]>ite of the great {liffer- 
eiiees in a number of parts of the plant. 

Certain colour characters and a glutinous rice character introdiu'ed into 
the cross showed the male parent to be a type, E. B. 3011, that, was growing 
alongside the dwarf variety in the season when the cross occurred. It is 
possible, therefore, in giving certain measurements for F.j, to compare thcs(' 
with the corresponding measurements of both parents. 

Table XI shows the range of variation in height of tlie normal and dwnrf 
groups of F;> together with that of a certain mimlier of plants of both jiarentn. 
The height measurement was taken from ground h^vol to the top of the Insids 
gathered together in a bunch. 

Table XL 

Segregation for height in No. 2666 N, 


Normal x Dwarf. 


Hoight in inches 

NitMBHE f)E PLAN'ra 

Fa 

ParcmliH 

Normal 

Dwarf 

E.B. 303 
normal 

JC. H. 301. 
dwarf 

26 


14 


10 

30 


166 


30 

34 


186 



38 


25 



42 

io 


5 


46 

166 


26 


m 

.633 


61 


04 

429 


42 


.OS 

106 


7 


62 

■s-- 




Average height 

.60*6'’ 

31 ’2" 

m-r 

276)" 


The figures show the very distinct nature of the segregation, the short(>st 
■of the normal group being taller than the tallest dwarfs. 




PLATE IV, 



FROM No. 2666, F,. 
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^ S(>v.R'al otli,.,- in(>ji,surmiient.s wore made, ineluding leiigtli and broa<lt.]i of 
b-a.. iuid of gram. TJie leaf helovY tlie flag on three good tillers nois in(>a,sur.Ml 
-•u!(ltli(‘ average', taken for each plant. There Ava« no overla],>piug of tJie, t\\ e, 
groups as regards breadth of loaf, all the dwarfs being broader thai) tire 
broadest normal. In length there was Rome overlapping but the averages foi- 
the dwarf and normal groups showed considerable d'ffereiice. In grai,n- 
measur(;ments there was no appreciable dilterence in breadth but a^'largo 
difbnence, with no overlapping, , in length. The figures below show fhe 
averages for the two groups, together with the parents, of the thre(! 
nicasurGmcnts showing the greatest differences. 


LeiigMi of louf, (UM. 

Breadlih „ „ 

Lengfli of grain, mm. 


1 

i’AKJaSTS 

1 Normal 

Dwarf 

Normal 

Dwarf 

1 

34 ■« 

45*7 

38*4 

■ -.l-ll 

1*70 

I'll 

1*74 

1 9*77 

0*50 

9*38 

e*3(i 


Other crosses with the dwarf type have now been made for furt-lior veri- 
ficatioii with exact measurements. 


4. Rice colouii. 

■Red rice^ 

It lias idri'ady been shown, Part I, p. 100, tliat iji many cases red riro is 
sinii)ly dominant to mhile giving a S : 1 ratio in F^. 

Mention was also made, p. 103, of a family, No. (J17 N, tliat had givmi a 
.• / ratio of re.d : while, followed by a series of varying ratios in a later genera- 
tion. No explanation of these varying ratios has yet Ixam diseovered, fhongh 
two furtlKu- generations, comprising a large number of families, have lieeti 
gi'ow,n. It appears, howevei-, that at least two factors arc concei-ned. Thus all 
I <M,s from a family giving approximately a /? ; / ratio gave ratios ranging roimd 
'> .* / i.n the next gG,neratio.n, whereas lots from families giving a ,9 .' / ratio 
gave a wide range of ratios varying from 9 .* fho to ,9 .* /f. Further investi- 
giition into tlu; possible causes of such varying ratios is necessary before any 
explanation can be given. 
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2CrJ 


Hed nm, tp-eg-broum rice and imtkoenan pigmenlatiun. 

(■Jif vijaliiiii bi'f.ivacii reil aiiA greg-brown rica was cousidi'l'cd in .I'iwl I. 
p. .101, and Jarcr ra.-iulta, ivith tlicir prolbablo axplauatinn, wolv giycj, in 
Ijo.sfai-Iipl . It ivas Kknvji tlnit, in tiic families tiicre coueenii'd, file /■«/ rirr. 
colour oidv lievelnped in plants with par jikyu/niniitiitioii, its place being taken 
by uren-hntn, in loipigmcafe,/’ plants. It was suggested that the i.ignieulatioii 
fiwtor cwicerned was necessary, in addition to a n-d'rice factor, for the 
production of red liee, and that in its absence the red rice factor produced 
only grey -brown. The existence of unpiginented varieties with red rice was 
explained on (he assumption that the pigmentation factor lacking in sncii 
varieties was different from that lacking in the families under consideration 
Ihis theory has now been conlirmed by the resnlts of certain crosses. 

It has already been .shown, Part I, p. Sd. that the presence of hvo factors 
i^s necessary , or the production of purple (anthocyan) pigmentation. Tliese 

Taking .las the pigmentation factor connected with rice colour I I! 

will be iW, „ n will be yrcy-biwi,. Tims the ,9 .■ , 1 .- .J ; / ratio, made up of 
o . 1, led whte, m the pigmented group and ,3 .■ 1, greij-hrawi,. : lehite, in tlie 
unpigmentod group, as shown by Table XXI in the postcript of Part I is the 

Wiario'r“ Thcsimplo 

AlTsRli‘‘ ' «'V‘mieute,l, sreg-brawn is the rcsidt from 

^ An mipigimntd, .jreg-lrewn, a a N a R R, from the latter type of segre- 
gation, was crossed mth a rfif/e variety. .1 A X S r r iind v,v,. , 

«d P,. .1 « fg ,1 fi r. I„ F, the Speoted yVd' I' Tra i. 

resulted, four families giving the following figures 



.l*XGAI15J}T:iil) 

Un.PIGMEN'I’JSII 


lied 

A N 11 

WJiite 

A N r 

Grey-browii White 

a. N R i a N r 

Nds. I5i2-ir>ir. 

1,785 

... 002 1 

■^«7 ! iy.i 

9:3 ; 3. r 1 ' 

1,776 

•• 592 , 

592 : lijj 


S, and an unprginenled, .lehita of the constitution 


T-AIINF.T.L, AYYANC.AK. RAHIAH, Axn AYi-AXCAI! VU3 

«f‘zr'wiA 

must Ih ’ V F « , ■ 

.;,/■. I" ?>'<>"I« appeared as shown below. The fimuvs 



Pigm: 

RNT.BI) 

Unpigmentei) 



Red 

White 

Red 

1 Grey-hroH-M 

White 

No. 250S 

•• 9 : 9 ; 12 .•/“.. 

A NR 

A N r 

A n R 

“(?> 

B- 

2S.‘} 

l]‘l 

108 

12!) 

85 



102 

102 

136 ; 

~9 


,. , above theory reo-niT^ 

Ot grey-brown rice and ai.so afford additional oonarmation; m "'l 

two factors necessary for the production of anthoeyan pigmenWhu. 

I^£rl rice and golden rice. 

An account ha,s already been girmn above of the factor I whrii • , ■, 'r 
gold m the internode and changes any form of void In t1, i ^ ^ ’ 

.sponding form of dark furrows. It appears th,at this 'act “ 
for the production of red rice by the factor R Tn the'nh 

»y, in aU types with,yo«»gW or 

n- All rcd. r« plants .so far seen have .shown Tom:!.! ^ 

oolourmg ,„ the glumes. The same applie,s to the yario.ur shats oi lilt 
leddi-sh rice that are common. This colouring is only produced in dmd- 
futrowsTypes ; .n golden type.s it Is replaced by a .yellowish or cream Lorn 

as,showu;:z:vTi::Tait'“'5::7^^ 

y..ow colour disappears andihe'ric e l>r::r“a!~^ 

t - — - - ttz 

Golden race lra,s occ.rrrcd in a large number of families showing segregation 
or / m the presence of R !„ all cases the red rice of the dark fru-rotys tTo,m 
aas beeir replaced by golden rice in the gold-glumed group. An example of 
thrs rs seen rn the results from a cross between darl- /„L., S and 
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i'l jipmruf (j(M, j/p]]n)i)ish rice. Fj was {Jark furrows, red rice and two Fo families 
giivt* tile followiiig results : — 


I Fnnou'.^ types 

1 ; , ; Gold types 

! Red 

1 

[ .Sliffhtly reddish 

Gold 

yellowish 

2r>:ii A LMao, 1,214 ^ 

391 

401 

] 40 


403 : 

4(i3 

134 


■In'oni juitural crosses giving similar results to the above several families, 
raised from led-riia'd F 2 ^ilants. have given a simple d ; 1 ratio of darh furro'ws 

ru;c : f/oM fjlumes. ffold 


Golden rice and undereloped grain. 

la all families in which golden rice has occurred the grain of this type has 
been Very poorly developed. Setting a])pears to be normal but the rice grain 
is nevi'r properly fille<l out ajid frecpiently shrivels some time before it is fully 
grown. Other ty]jes ol rice occurring in the same family are always quite 
normally developed. In Plate III are giv'en photographs of a few typical 
grains of gold and red rice, from No. 2573 F.^, showing the poor development 
oi the gold rice as com])ared with the red. 

Grain weiglimcnts have been made in this family and the gold rice falls 
considerably below other groups. VVcighments were made of the unhusked 
paddg^ grain as this was required for seed purposes later. The family was 
splitting ior the factor Q and this introduced a complication, owing to 
the connection between this factor and grain shape and weight that has 
a ready been noticed. For this reason average weights are given for (;ach 
of the twelve groups appearing. For each group 40 plants, 100 grains each, 
^\Tre weighed, oxce])t whore otherwise noted. The weiglits in grammes 
‘-'1 100 grains were as follows 



Ftmoir.^ types 

Colfl types 


Red 

11 1 

SI. reddi.sh 
rl 

Gold 

R i 

yellowisli 
r i 

Ooarse, G G 

Medium, G q 
u'a 

2-l>o0 
. 2-182 
1*974 

2*219 

2*142 

1*917 

i*()9r) 

1*721 
] *550 

2*193* 

2*113 

1-808 t 

Average, . . 

2*1 3o 

2*093 

j 1*057 

2*0.5^ 





* « lilants onhj. f 13 jAants onJi/. 
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Til. falIi„g-oH in weight of all three gold rice groups, as compared with 
the others, is very obvious. No e.vplanation of this behaviour can be offered 
at present . In bo tli parents the grain was perfectly normally de velo ped . 

Purple rice. 

In a few. rather uncommon, varieties the colour of the rice is very dark 
purpl... There is some variation in the depth of colour in different varieties 
■some being almost black (Plate V. fig. 3), and others rather lighter, with a 
reddi.sh or brownish tinge on one side (Plate V, fig. 4). .411 the varieties seen 

with purple rice have been glutinous types, mo.stly from Burma. There is 

however, no genetic connection between the purple colour and glutinous 

rice. 

Purple rice is dominant to white and gives a simple 3 : 1 ratio of purple : 
white in F,. The total figures for a large number of families are given 
below. The purples are somewhat in excess but the figures undonbtedlY 
represent a ,1? .• i ratio. ' 

Purple, rice White rice 

54 families .. 17,80(1 5 o')? 

Oedeulafed S ; 1 .. 17 • 5 V5? 

The mam purple rice character is obviously clue to a single factor. It 
appears, however, that there are other factors affecting the depth of the 
purple colouriri,g. 

Ih(^F, Oi: the dar.kest type of purple x white, though showing some 
variation, is always lighter in colour than the purple parent, especially on 
the dorsal side at the lower end of the grain, and shows a distinct brownish 
tinge (Plate V, fig. 5). In F, the purple group shows considerable variation, 
ranging from dark purple to a type where the purple is very considerably 
reduced and a definite brownish tinge appears. It is quite impossible to 
separate distinct groups as the variation is practically continuous. 

In F, the darkest types breed true for purple tliough the very dark 
colour of the purple parent is rarely reproduced, the majority being rather 
lighter and slightly brownish, resembling the lighter purple varieties 
mentioned above. The lighter types of F, purples are mostly heterozygous, 
showing the same type of segregation as occurs in F„ though some distinctly 
light types have been found to breed true. 

There is no connection between the main purple rice factor P and the 
red rice factor R since white rice arises in F, from purpU x red. Fi is purple 
red since the red colour shows through where the purple is reduced (Plate V, 
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Jig,, b). Ill IJ : o: / ratio of purple: red: white, is obtained as shown 
by tile hjlluwiiig tigures ; 


tamilies 

f'rdenhiifld 12 : 3 : 1 


Purple 

Red 

VVldto 

p R -f r 

1) R 

T' 

•i,r>4o 

1,215 

449 

4.653 ; 

1,163 

3S3 


' group i. a very mixed lot for the same variation exists as 

deseribod for i, of the p«r,,le tvhite cross and, in addition, various degrees of 
pm, ..-red appear. Some of the latter, vhere the purple is reduced to the 

t' V r 71 ' 'Od though they are separable in 

u».nl.*ueveiope(i gram. 




^ Purple I plants give four types of family in V^pure purples, 3 : 1 ratios 
e ■ w tile, .p. I ratios ol purple: fwh and the same as F, again. Some 
m le pure purples shmv considerable reduction of the purple lohuiring as 
noted above ,n the purple x white lots, and in such case tl e PPR /ft™ 
aiipears as purple-red like the V, P p R r. fKK type 

It may be noted hmo that the’ factor P falls into the same linkage grou,, 

m^node glumes, stigma and a.xil, as de, scribed in Part I, pp Pl-qy 
Jn.veral 0 her factors have also been found to fall into the same Loup and 
thui relations will form the subject of a future paper. '' ^ 

Purple and brown rice. 

“t" """"T 

factor P produces browririeo (Plate v'^LLre'^''''^ ° 

rice of the factor, JJ(fiv g) “"espondmg to the 

^cowr;t:t:t:u£^^^ - r 

proved to be-'bP'the-bbnstitutioh Pp R ,■ .( !, a’ F ’2 ” T f 
and theisSn^ai;.,-* 't„2h2w hr'''’“T 

uupigmented group: " ‘ “ccurred in the 

the ^rrir^h •» ■ 

has some effect on the degree of devet^cLLoV't^irt Si: 
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it is a matter of some difficulty to obtain reliable figures where a number of 
ditferent types of rice colour are concerned. 

Sixty F.j families were raised from various types of F., plants^* of the above 
cross and the results were in complete agreement with expectation so far as 
the types of segregation were concerned. The tables that follow show the 
types of segregation obtained from all the Fjj plants possessing the factor P 
that were carried on as parents. 

In Table XII, which comprises the pigmented, purple rice parents, the 
types appearing in the different families are shown by a -f sign under the 
respective headings. 

Table XII. 


Pigmented, purple rice parents. 


Constit\ition 

No. of 
lots 

Pigmented 


UNriGMENTED 


Purple 

P A N 

Red 

p R, A N 

White 

p r A N 

Purple 

P A n 

Brown 

P. 

Red 

p R A n 

Grey- 
brown 
p R a 

White 

P 




9 



7 



I? p R r A a N n 

7 

+ 

+ 

+ ' 

+ 


+ 

+ 

+ 

P p 11 li A a N n 

2 

+ 

+ 


+ ' 

+ 

■ + 

' + 


P p r r A a N n . . 

2 

+ 


+ 

+ 

+ 



+ 

P P . . A a N u 

4 

' + 



+ 

i 

+ 

i 



PpIlrAahlN .. 

S 

+ 

+ 

+ ‘ 


-f 


+ 

+ 

p r r A a N N 

2 

+ 


+ 


+ 



+ 

PpRrAANn .. 

1 

+ 

+ 


+ 


+ 


+ . 

P p R R A A N n . . 

2 

+ 

+ 


+ 





P P . . A A N n . . 

1 

+ 



+ 








Pure 







P p Pv. r A A N N 

1 


+ 

+ ' 





i 

P P . . A A N N . . 

- 

+ 









In I'able XIII families from unpigmeiited parents, both purple and 
brown rice, are shown in the same way. 

* Selected to cover the range of variation but with no reference to their proportions 
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1920, the write* attenrion was fest 
to this disease at Modekurru in Godavari District. The village was 
vi^ted and the crop examined. It was reported that the two Jev't^erlp 
had snflered »nsiderable loss. It was difficult to estimate at L til W 
ITlw “‘Ste prove to be. In a letter one of the garden owners 

Seise ““*■ by tbe 

^ In tffis village and other villages in the neighbourhood ginger oecunies 
^n important place in cultivation. Ih almost ad high level la^ds! every rlt 

well plots- It rs sometimes irrigated from wells. The landl 

prepared and manuring by sheep-penning is common. The rhisom^ ale 
planted m Jme and sometimes in the first week of July and the crop is readv 

0 6 mohes apart in Imes 1 to IJ feet apart. When fidl grol the cron 
presente a very luxuriant appearance. It is always grown pure. In its earll 
tages It IS protected by shade. The crop under shadfalwalooks letter S 

rH~E~fr= 
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Ib. green ginger. Tie price varies from Ee. 1-8 to Es. S per 26 lb 
lie crop is tins very profitable anil .any disease involves much loss to tie 
cultivator. 

During tie year 1920,. the rainfall i„ Augnst and September ivas verv 
heavy, much heavier than in normal years. The disea.se made ite appearance 
in August and graduaUy spread and grew in virulence. High Immiditv .seemed 
to help the spread and progress of the disease. A few vards away from this 
plot there were larger areas under turmeric, which showed a sevm-e form of 
eaJ-spot disease caused by the fungus Venmeulaiia Cure, mm:. Leaves and 
eaf-sheaths were so badly attacked that they got dried up, with tie ms, .It 
that few rhaomes were formed. A few ryots attributed tie disease to tie 
manure, used. A few otheis blamed the north winds blowing at that time From 
fuUer enqmr.es, it was clear that the disea.se appeared in August and graduallv 
spread from north to south, the ilirection in wl.ieh the wind was blowing 

eatbei. . A change of weather condition arrested the progre.ss of the disease 
and many plants appear to liave recovered. 

Description of the disease. 

^st to show disease symjitoms. Light yellow spots 
both on the upper and lower surfaces were a sure sign. These Lritls 

rcflseHn Se " L’t''^ g^diially 

increased in sire Later, some of them coalesced together to f™, larue 

discoloured patches, and tiny black dots appeared in the en ^ tI 

issues in the centre dried up and holes were formed. If the o^n leaf Its 

scaly '-'-“1-ath and tfo, 

rLoef do not escape it. In the final stages, minute 

fig. 1) Th!r doTs”'-'r (Hate Jl. 

lens (Plate 11 fiv T T >>and- 

edges roU up (llate TZ ™ «>« edges of the leal, the 

of plants show the disease while th i ® lower leaves 

the central shoot is affected and fh^ 1 healthy. In certain cases 

varioi^ symptoms pointing to fh exlffbits 

pointing to the conclusion that these are cases of local' 
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EXPLANATION OF PLATE II. 


1. Leaf witk minute black dots. (Natural size). 

2. Minute black dots magnified under low power, showing spore pustule® 

and set® of Vermmihria.xS% fi. 

3. A single pustule as seen under high power of the microscope, showing 

dark brown septate setae and masses of falcate spores, X 360 
4., Spores falcate-single-celleA guttulate with fine granular contents, X 
880 /a. 

5. Spores showing several stages of germination forming thick-walled 
dark brown oblamydospores. x 880/*. 




mm 


.(es^ ,8jrdb rfdrw iaej 

<Wo^' iprM 5afe»r 

^ fa ^lil -j^feir wm m efiri^ ^gn& A 

ii X ,mo^ aisafal fa mam km mhs oM^ sTi^B 


S.- StWDAR^AkAN 




infection — infection, from plant to plant favoured by conditions of moisture 
and atmosphere, that is, rainy weather followed by wind and moist muggy 
weather. The disease appears in August and seems epidemic in years of 
lieavy rainfall. Continued rain with .spells of dry weather is congenial for its 
development. The rains wa.sh down the fungus spores to lower portions of 
the plant, and the wind carries the spores from leaf to leaf and from plant to 
plant. The cultivator produces conditions favourable to the disease by lii.s 
tliick planting wliich tend.s to make plants touch each <3ther, not admitting 
light and air which are essential for healthy vigorous growth. 

Effects of the disease. 

The disease appeals on the leaves. This is tlie part where the plants 
manufacture food. The disease makes its appearance in the growing period of 
the crop and at a time when the rhizomes begin to develop. As the fungus 
attacks directly the place where plant food is manufactured, the plants get 
stmited and the rhizomes do not develop. Under healthy conditions the 
crop stands in the groimd from July to March but when the disease comes on, 
the crop has often to be lifted early before the plants begin to die. 

Description of the fungus. 

The sporodochia appear in pale yellow spots varying in size. They are, 
aggregated together in dense clusters, circular .to oval in outline, black in . 
colour, 50-140 ix in diameter (Plate I, fig. 1) ; setae nunrerous, erect, dark brown, 
septate, 85-168 fx long (Plate 11, figs. 2 & 3) ; spores, subfusoid, curved with a 
blunt point, hyaline, minutely guttulate, 17*5-24 }x X 3*15-4*2 [x (Plate II, 
tig. 4). On leaves, petioles and .scale-like leaves on the rlfizome.s of ginger in 
Amalapur Taluk, Godavari District. 

The hyphae are hyahne and septate. They vary in diameter from 2 to 8/Jt. 
In old culture the hyphm become hght brown. The spore clusters are formed 
partially submerged under the epidermis but on breaking the epidermis come 
out to the surface, and take on the character of Golletotnchum, the setae appear- 
ing to spring from the layer of sporophore (Plate II, fig. 3). The spores 
germinate in 4-6 hours, putting forth a germ-tube, and produce chlamydospores 
in 18 hours. These are formed at the end of germ-tubes (Plate II, fig. 5, a, 
b, c, d). Some spores form cblamydospores without the intervention of the 
germ-tube. The chlamydospores are sometimes divided into cells each having 
a germ-pore. These are either round or ovate or irregularly lobed and are 
generally dark-olive. When the spores begin to germinate they produce a 
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soptuiD ill tile centtei Somstiinos tli6 top-coil of a seta producGs a Iiyuliiie 
hypha wliioli bears a cluster of spores at its end. 


A comparative study oj different eliaracters oj Vermicularia on <jinger, 
turmeric and oMllm. 


Crop 

1 

Spore pustules ' 

Setm 

Spores 

Ginger 

60 to 140 fi dia. 

87-5 to 168 fx 

17-24 x 3~4 j[A 

Chillies 

70 to 120 fi „ 

70 to 146 fx 

17'^28 X S""!- 

Turmeric 

36 to 160 fx „ 

j 66 to 102 fx 

19-^27 X 3-5 ^ 


It can be seen from tbe above tabular statement that there is a good deal 
of similarity among the ginger, chillies and turmeric Vermicularia in point of 
spore measurements. But in the measurement of spore pustules and in the 
f ( >rination gE nhlaMydnspores there is difference. Observing the morphological 
similarit^'^f’Vh'er^^s o^-ginger Vermicularia to Vermicularia on chillies and 
turiQ^o upon which the ajtlthor is now working, several cross-inoculations 
were'cainie|^piUt,,?jbfi|} with jps^tive results. Hence the name Vermicularia 
Zjr^i^erete nov. sp. is 

: r Isolation of the fungus in culture. 

The fungus was brought into culture. The materials for getting this 
into culture were taken directly from the diseased portion of the plants. Bits 
of leaves showing spore formation were cut out with a pair of sterile scissors 
and put in melted agar tubes and transferred by the ordinary poured plate 
method to Petri dishes. The following day the platings were examined and 
single germinating spores were picked out by sterile platinum scoop and 
transferred to Ifrench bean and oat agar tubes. It was found that, for growth 
and sporuiation, French bean agar furnished an excellent medium. Conse- 
q^uently, this was used for cultural work. The fungus grew very vigorously in 
French bean and oat juice aga,r. In 4 or 5 days dark-coloured pycnidia were, 
formed on the surface of the agar slopes. Small, light rose-coloured droplets 
of thick glistening sticky fluid were seen on the surface. This was found to 
consist of a mass of spores. 
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Inoculations. 

Ginger plaiits. for tins experiment were raised from rliizomes obtained 
from a disease-free locality in Malabar, dipped in 2 per cent, foriiialin {i.e.^ 
Scliering’s formaKn diluted) lor lialf an hour and tlien wnsiied witli distilled 
Avater. The pots used for growing the plants were new and were immersed 
in a O’ 1 per cent, solution of corrosive sublimate and dried. The soil that was 
put in the pot was sterilized by heating over a fire in tin pans. Before inocu- 
lation, leaves of the plants were moistened wdth distilled water and spores were 
placed on the surface. All the plants were kept under bell-jars on platforms, 
and were sprayed with distilled water now and then. The plants were always 
in a moist atmosphere. Nine plants w^ere used for the experiment. Six were 
inoculated and three were kept as control, and the same treatment was given 
to all. At the end of four days, discoloured spots appeared on the inoculated 
portion. The spots varied in size from tiny flecks to 3 inm. in diameter. 
Later on, the leaves began to lose colour and gradually rotting set in. Plate III 
shows the results of inoculation. The leaves had become rotten and dried up 
and pustules of the fungus appeared in large numbers. The controls remained 
healthy. Photographs were taken 27 days after inoculation. A glance at 
these will show clearly the efiect of the inoculation (Plate IV, fig. 1). Every 
inooulation was successful and in no case did any control show any disease 
(Plate IV, fig, 2). These data go to establish the parasitism of the fungus 
beyond any doubt. Infection appears to take place through the stomata 
and other openings in the epidermis. Pustules are of rare occurrence upon 
leaves while still attached to the plants. The general development of pustules 
takes place upon the dead and decaying leaves and is very common in diseased 
fields. Inoculations conducted imder drier conditions gave only negative 
results. 'The following table shows the details of the inoculations. 
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. . ■■ Table. 


Ginger planU inoculated ivith 


'I 

. m' 

Source 

of 

culture 

Where 

inoculated 

When 

inoculated 

4 days after in- 
oculation 

6 days after in- 
oculation 



8 days after in- 
oculation 

1 

.ure got from 
colleeted at 
(French beau 

Upper surface 
of the leaves. 

11-8-1921 

Colour of the in- 
oculated leaves 
changing. Pale 
yellow spots here 
and there noticed. 

Colour of the in- 
oculated leaves 
becoming pale 
yellow. 

Inoculated leaves 
yellow in colour 
and transparent. 

2 

1 $ g'g 
« §1 § 

do. 

do. 

do. 

do. 

do. 

' 

3 

ll1-7 

do. 

do. 

do. 

do. 

do. 

4 

Lower surface 
of the leaves. 

do. 

do. 

do. 

do. 

5 

|||i 

do. 

do. 

No change. 

1 Colour of leaves 

1 yellow. 

do. 

6 

C5 

do. 

do. 

Colour of the in- 
oculated leaves 
changing yellow. 

do. 

do. 

i 

7 


Control 

do. 

Healthy 

Healthy 

Healthy 

8 


do. 

do. 

do. { 

do. 

do. 

9 


do. 

do. 

■■do. j 

do. 

do. . 


All the plants were kept under hell-jars on platforms. The platforms and the plants were sprayed 


Gitiger plants inoculated with 


I|SS‘ 

lilJ 


Upper surface 
of the leaves 


do. 

do. 


Lower surface 
of the leaves. 


do. 

do. 

Control 

do. 

do. 


All the plants were kept in big glass 
3 in the previous experiment. 


11-8-1921 

No change 

No signs of infec- 
tion. 

No signs of infec- 
tion. 

do. 

do. 

do. 

Plant healthy 

do. 

do. 

do. 

do 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

Healthy 

Healthy 

Healthy 

do. 

do. 

do. 

dos 

do. 

do. 

do. 

do. 


oases specially made for inoculation purposes. The plants were 
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I. 


Ginger Vermicularia (moist comlitions). 


iO days after in- 
oculation 

15 days after in- 
oculation 

. 20 days after in- 
1 oeulation 

30 days after in- ; 
oeulation 

-to day.s after in- 
oculation 

Tiny black dots 

Dark pycnidia deve- 

■ 

Fully developed 

Pustule.s fuUv de- ' 

Original plant 

here and there on 
the leaves. 

loping. 

jtycnidia. 

veloped with [ 

.set®. Leaves 1 

beginning to rot. 
Suckers coming 

dead and fallen 
down. Suckers 

getting infected 
with the disease. 

No change 

do 

Pycnidia develop- 

do. 

do. 

do. 

do. 

1 do. 

do. 

do. 

Tiny black dots 
on the leaves. 

do. 1 

do. _ 

One sucker. 

do. 

No change. 

Tiny black pycnidia. 

do. 

do. 

do. 

do. 

1 do. 

do. 

do. 

do. 

' ■ ■ ! 

Healthy 1 

Healthy 

Healthy 1 

Healthy 

Healthy 

do. 

do. 

do. ' 

do. 

Died on account 
of insect bite. 

do. j 

do. 

do. 

do. 

Healthy 


with distilled water now and then and so the plants were in a very moist atmosphere. 


Ginger Vermicularia (dry conditions^ 


No change 

Plant healthy 

No change 

No infection 

No infection 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do 

■do. 

do. 

do. 

do. 

do. 

do. 

do. 

1 

do. 

do. 

do. 

Healthy 

Healthy 

Healthy 

Healthy 

Healthy 

do. 

do. 

do. 

do. 

ao. 

do 

do. 

do. 

do. 

do. 


sprayed with distilled' water thrice a day. The atmosphere inside the glass cases was not so humid 
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Spraying experiments to determine the efficacy of spraying with 
Bordeaux mixture. 

Ill Xodokuri’ii, iVmalapur Taliik, where the' ginger crop was affected by 
this disease, a plot of 10 cents was selected for trying the efficacy of spraying 
with Bordeaux mixture (6-6*50 strength) in checldng the disease. The first 
spraying was given when the disease was fairly distributed on the plants and 
the second a,fter an interval of six ■weeks. : Before spraying, all the badly 
affected leaves and shoots were cut out and burnt. The following statement 
shows the yield and other details of the sprayed plot 



No. of ! 

Y lELB 


Area of sprayed plot 

sprayings 

given 

During the 
year sprayed 

t 

I’revious 

year 

Remakes 

10 cents. 

2 at an in- 
terval of 6 
weeks. 

1 Md. 

71 

Md. 

If 

On account of spray- 
ing there is a clear 
gain of mauuds 

over the previous 
• year. 


Thus from a ten cent plot there is a gain in money value of about 
Hs. 16 which works out at Es. 160 per acre. 


Local practice for cheeking the disease. 

In certain plantations of this locality the usual practice to control this 
disease is to sprinkle quicklime on the affected plants. Enquiries show that 
this dusting vdth quicklime is imperfect and only partially prevents its spread. 

Summary. 

1. The leaf disease of ginger {Zingiber o-fficinale)iB caused by the fungus 
of the genus Vermictdaria and has been reported from Amalapur Taluk, 
Godavari District. 

2. The disease shows itself to begin with as small yellowish spots. Later 
on, the whole leaf turns yellow and rots, resulting in the poor development 
of rhizomes causing considerable loss to the ginger growers. 

3. This disease makes rapid progress during a period of continued wet 
weather and Mgh humidity. A change into drier conditions checks the 
progress of the disease and many plants recover. The results of the inocula- 
tions in the laboratory confirm this Jfield observation. 
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L Tile parasitism of fcliis FewwcM^am is definitely by repeated 

inoculations. Under moist conditions, inside bell-jars, tlie plants took the 
infection and showed disease symptoms in 15 days. But imder drier con- 
ditions the fungus failed to infect the plants. The results of the inoculations 
confirm the field observation that the fungus made rapid progress during 
continued %vet weather and high humidity. 

5. This VermiG'ularia on ginger inoculated on chillies and turmeric failed 
to produce any infection. 

6. The name Y ermioularia ZingiherecB nov. sp. is suggested, owing to {a) 
the difference in the measurements of sporodochia between Yermicularia on 
ginger, turmeric and chillies, (b) the character of the chlamydospores and (c) 
the negative results in the cross-inoculations on chillies and turmeric. 

My thanks are due to my assistants Messrs. 0. Krishnan Nair and 
0. S. Gopalaswami Eao for their ready help. 

As this paper was completed, a Yermicularia was noticed on Knol-Khol 
{Brassica oleracea var. botrytis) and cabbage {Brassica oleracea var. cayritata) 
in the Botanic Garden, Coimbatore. This fungus is under study. 

A comparative study of the Yermicularias on several hosts will form the 
subject of a separate paper. 
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EELMINTHOSPOmUM SPP. ON CEREALS AND 
SUGARCANE IN INDIA, 

PART I. 

{DISEASES OF ZEA MATE. AND SORGHUM VULGARE' 
CAUBED BY S¥ECm& OF HBmiNTHOSPORWM.) 

BY 

M. MITRA, M.Sc., 

Ftrsi Assistant to the Im ferial Mycologist. 

[Received for publication on 2nd June, 1922,] 

1. Introduction. 

Maisiy species of tlie genus Helminikosporiiim are common parasites on 
various members of the Ommimem, and some species cause considerable damage 
to crops, ■e,g., “ stripe disease of barley ” and “ blight of maize ” are well Imown 
in America and Europe. Saccardo in his “ Sylloge Fungorum ” has recorded 
about 30 species on various Ommineco and there are a few other species which 
have been recorded since the publication of the last volume. In India, most 
of the important crops such as wheat, oats, barley, maize, great millet (jowa.r), 
rice, Eleusine, Panicvm jmmentaeemn and sugarcane are commonly attacked 
by species of Helminthosporimn, and damage in some cases is considerable. 
They generally attack the leaves and ears and form light yellowish brown 
spots which in most cases coalesce and destroy the leaves. 

The object of this study was to determine the range of the host plants 
of species parasitic on c-ereals and sugarcane an<l to ascertain whether (a) 
morphologically similar forms from difierent hosts vary in range of host, and 
(b) whether inorphologically unlike forms have the same host range. An. 
attempt was also made to secure the perfect stage by cultivating the species 
on various kinds of media. 

The following species on cultivated cereals and sugarcane have been 
recorded from Indial : H. AvenoB Br. and Cav. (oats), H. gramineimi Babb, 
and II. teres Sacc. (barley), H. twcicum Pass, (maize and great millet), B. 

^ Butler, E, J, “ Eungi and Disease in Plant,” 1918. 
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Agricultural Iiesearch Institute, Pusa, 1919-20. pd 
Advice for India, 1919-20, p. 31. ^ ^ 

of Cultivated, Plants and Trees,” 1910^ p is 
JNotes on Fungus Diseases in Delaware.”' Detap 

Agraria,” 1891, p. 409. 

^ke. “ Two Barley Blights.” Bull loioa Coll Slat. 
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mduhmm B. and C. {Ehusine mmna and E. mgyjytiam), H. Sacclmn Bull, 
(sugarcane). Beside these, i?. O^f/soi Miyabe and Hori (rice), H. JlageHoia’cim 
Atk. {Pammrn) and a species on wlieat have been cfdlected from various 
places. TJie species on wheat has been brought into culture fro.m dis,>as(^d 
wheat plants obtained from Burma, Nagpur, Poo,na and Pusa. and all eultums 
from tliesc four places show a good deal of variation in cultural cliaracters ami 
in the measurement of spores. They all give positive .results when inocuhded. 
on v'hoat and behave alike when inoculated on other hosts. Wheat Helmin- 
Ihosporivm varies in culture on the same media, and when compared with 
H teras feacc. found on barley, appea.rs to be a variety of this species. Hehm,- 
iJmponum has been also observed on some wild grasses such as Oynodou 
At^ropcgon, Panicmn and Ehusine indica. A detailed account of all tJiese 
will be published later on. 

The preseat paper cleab with the species on Zea Mays and 8o,ghum. mime 
(jowm) jaid g„es an account of the growth in culture on diflerent media 
and results of cross-inoculation er.perin,ents on other inrportant cereals and 
sugarcane. A bnef snnnnary'of this has been published in the “Scientific 
Reports of the Agncultural Research Institute, Pusa ” ', 2 . 


2. Helminfhosporlum on Zea Mays. (H. tureicum Pass.) 

Selmnaosi^rium turcicm Pass, is an im,»rtant fungus parasite of 
maiao m Buar and also occurs in other parts of India wherever this crop exists 

oiaat. attacks the leal to a great extent and also, in a less dfgree, the male 

T n 1 the rains, the disease is very 

oZ is art'lT/”’'’’ prevalent and nearly every 

Ant IS attacked to some e.vtent. The lower leaves of old plants and 
hose 0 young plants are easily attacked and the disease is f„,md 

ToZs by the name of H. C. and 

' • ““2e, but as the description agrees nearly with present 

P-A other a“ 

the same fimgii '‘P'*™ "e 
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History a3s?b distribution. 

The disease was first described in 1876 in Parma by Professor Passeriiii 
^ tcinnUi^ on t^i'ves of maize. Since then it has been found in the north 
th . rV"-f T in South Europe, ]?i-ance, Paissia, England, 

Sontl '' ‘ China 2 the Phili]^^^^^^ Islands, New 

, ^ {Bihar,1 Dharwar, Almora and other 

parts of the United Provinces, Bengal and Burinah 

Q United States of America it was noticed as earlv as J88‘J. Jn 

Southern prance it was observed in 1903, in India (Bihar) in' 1907, in South 
Africa in 1911h m Australia in 1915 and in the Phihppine Islands in 1919. 
Most writers have merely recorded the disease and have made no attempt to 

prove the parasitism of the fmmus. 

Serious damages W been recorded from various countries, riz., Scnitli 
adppine Islands*, and Italy . Robinson’ recorded it from 
the Phriippme Islands and Otto Eeinhing V described it (19I9)as a common 
and at tames very destructive disease in PhiUppme Islands. He says that the 
disease is more severe on newly introduced corns which are not acclimatized 
and are m a weakened condition and that native com is not severely attacked. 
He found a black mould on the male inflorescence also which Saccardo has 
determined as ff. eurmium but winch resembles B. turewum very closely. 

^ It has been described as a serious and destructive diseashu Delaware by 
Chester and Smith* (1903) and by Ducomet’ (1903) in Southern I'ranee. 
Mon» (191B) reports it to have caused severe loss in New South Wales in 
localities with heavy rainfall and hot steamy weather. 

It IS a diflioult disease to check and no proper teeatment is yet known 
Smith beheves that spores may be able to Uve after passing through the alimen- 
tary canal and so manure from an animal excreta may prove a tource of 
infection. Anon recommends rotation and use of more leguminous plants. 

^ Loverdo, J. “ Maladies Des Cereales,” p. 279, 1892. 

p, Diseases of the Economic Plants in Southern China. ’ The 
Philippine AgneuUunst, 1919, vol. VIII, no. 4. 

o/ and Mycologist in A?m. S. z4/r. Dept^ 

-‘Otto Remking. “Philippine Economic Plant Diseases.” The Philippine Journal of 

iSczence, /!., vol. XIII, no. 5, 1918, p. 251. ■' 

^ Otta Remking. “ Philippine Plant Diseases,” Phytopathology, vol. IX, no. 3, 1919, p, 1 D 
Rohmson. Com Leaf Blight in the Philippines.” PUl. Agri. Rev., IV, p. 350. 

^ Loverdo, J. he. ait. 

Chester and .Smith. “Notes on Fungus Diseases in Delaware” Delaware Expt. Slat. 
Bull. on. 03. 

Ducomet, V. “ The Bromiing of Maize in France.” Jour. Agri. Prat., N, Ser., 5 (19031 
no. 10, pp. 507-511. (Only abstract seen in Expt. St. Rec. of U. S A.) 

Anon. “ Blight in Maize.” Agri. Gaz. N. S. Woks, 26 (1915), no. 5, p. 33S. 
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The symptoms of the disease. 

The common terms applied to this disease are “ blight of maize/’ blight 
of corn ” and “leaf spots,” Ducometi has suggested the name of “ bruiiire ” 
for the disease on account of the peculiar browning burnt condition of the 
leaves. Maize blight, however, seems to be the most fitting term for the 
disease. 

The disease makes its appearance, when the plant is quite young, in the 
form of small yellowish spots which rapidly increase in size and take on a pale 
brown colour. In the beginning, the infected area on the leaf is minute, 
roundish, and pale brown, and gradually increases in size becoming somewhat 
oval, the long axis of the spots being parallel to the vein. They may coalesce 
covering a large surface of the leaf. These spots, the breadth of which is often 
limited by leaf veins, later on, become somewhat translucent and to the luaked 
eye appear like a greyish green mould on account of the conidia and conidio- 
phores. Conidiophores and conidia are found all over the spot on both sides 
of the leaf but in a greater number in the central atrophied portion of the 
diseased area. The spots, later on, become dry and brittle and the young 
leaves are easily killed (Plate I, fig. 1). 

In the male inflorescence the disease assumes a blackish mould-like 
appearance on the surface of the glumes of male spikelets. The attack is not 
extensive and scattered spikelets here and there are infected (Plate 1, fig. 2). 
The mycelium ramifies within the tissues of the palese and the stamems. 

Etiology of the disease. 

The constant association of the fungus with the disease leaves little doubt 
that H. iurcicim is the cause of maize blight. Healthy plants, when inoculated, 
develop the disease and produce typical spores which resemble those from the 
field. 

Leaves of maize were inoculated several times with pure culture obtained 
from diseased maize leaves, and it was found that the fungus had penetrated 
the tissues and formed spots as in nature. In some cases the infection took 
place within 24 hours. The plants inoculated and the controls were kept 
covered either with bell-jars , or in moist glass chambers. It was observed that 
infection was rapid and vigorous on young plants and on lower leaves of 
mature plants. Inoculations were also made on the male inflorescence and 
it was noticed that all spikelets inoculated had been infected and infection had 
spread also on the neighbouring spikelets. 

iDueomet, V. “ The Browning of Make in France. ” Jozjn Prat. N. Ser., 5 (190.3), 
no- 16> PP- 607 ■ 1 1, Only abstrach seem in JBec. of U. S. A.) 
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A strain from the male infloiescence of maize was also isolated and inocula- 
tions were done on the leaves and spikelets of male inflorescences. All were 
infected and produced the disease as in fields. In this case all inflorescences 
inoculated were either enclosed in glass chimney or the plants were kept in 
moist chambers. Controls were kept on all occasions and remained healthy 
Seedlings of maize were inoculated with a pure cultine from leaves. Tlie 
inoculation was done on the roots, grains and on the sheath and near the tip 
of the growing seedhngs ; within two days, in most cases, the sheath became 
yellowish brown and mycelium was found inside it. Later on, on examination 
it was found that the my ceHum had penetrated roots, pericarp and testa, and 
in some cases the aleurone layers of grains and also hypocotyl, etc. Most 
of the seedlings died on account of the disease but those which remaijied alive 
showed no growth of fungus in their tissue after some time. This shows that 
the fungus is capable of killing and destroying germinating grains and young 
seedlings but the infection is localized and does not keep pace with the growth 
of the host as in smut. Details of inoculations are given in the following 
table 


Tabie L 

8immafy of the inoculations on maize with'R. turoicum Pass. 







No. of 








No. of 

success- 

No. of 
control 

Control 

infected 


No. 

Bate 

Strain used 

Place inoculated 

inocula- 

tions 

ful 

inocula- 

Rbmaeks 






tions 




1 

19-7-18 

30-7-18 

5-8-18 

Maize leaf 

Do. 

Do. 

Both sides of leaves 

Do. 

Do. 

.2 

15 

9 

12 

15 

9 

2 


Five leaves were 
wounded and 
seven unwounded. 

2 

1 

1 


Leaves unwounded. 


8-8-18 

Do. 

Do. 

4 

4 

1 


Do. 

3 

28-8-19 

Do. 

Do. 

10 

10 

1 


Do. 

4 

6-10-19 

Maize male 
inflorescence 

Do. 

9 

9 

1 


Do. 

5 

i 17-10-19 

Do. 

Male inflorescence 

' 13 

13 

1 


1 Do. 


19-10-19 

Do. 

Do. 

15 

15 

1 


i Do. 

6 

: 19-10-19 

Maize leaves 

Do. 

15 

15 

1 


Do. 

7 

28-10-19 

Male inflo- 

Do. 

40 

30 

1 


Do. 



rescence 







8 

10-6-20 

Leaf 

Leaves 

6 

5 

1 


Do. 


7-8-20 

. Do. 

Do. 

11 

5 

1 



10-12-20 

Do. 

Do. 

11 

10 

1 



9 

4-8-19 

Do. 

Seedlings 

22 

22 

10 






Total 

192 

174 

24 


91% 
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Tte above expeiiraenls furnish proof of the pathogenic naluie of if. 
tii/Tiruni OR maize leaves and iuflorescence and ksIiow tliat the fiuigiis on hnu’c's 
and on the male iaflorescence of tassel is identical. 


Morphology OP THE PARASITE. 

Mycelium. The mycelium of the parasite ramifies in the tissues of the 
leaf and thus destroys the assimilatory apparatus of the plant, weakening 
tiio plant so that its growth is checked. The spots in which tlie mycelium 
spreads later on become dry and brittle. The mycelium consists of branched 
septate hyplise, the cells of which sometimes become irregularly swollen. It is 
intra-and inter-cellular. Inside the matrix the myc(diiim is siibhyaline 
but where conidiophores arise it is light to olive brown colour. 

In culture a light greyish green colour appears which increases gradnnlly, 
becoming darker. In old cultures tlie cells swell up, the cell wall bociuning 
somewhat thick and thus give rise to tliick-walled cells reseml^ling ehlamy- 
ilospores. Spore formation takes place in cultures 6 or 7 days old. Conklio- 
bear conidia at the apex. Sometimes conidia are formed with such 
that at the tip of conidiopliore 3 or 4 are seen. These at first sight 
appear to be borne in cluster, but when observed carefully it is found that only 
youngest is at the tip while the rest are just below in acropetal succession. 
Later on, as the conidiophores elongate, the distance between the spores 
increases and they become more and more lateral. The conidiopliore becomes 
bent in several places where conidia arc attached, but when spores are formed 
vigorously one after the other no such bending is noticed. Sometimes in 
cultuj'e no spore formation takes place, this is especially the case when the 
fungus has been cultivated for a very long time in one kind of medium, but 
wlien the medium is changed, spores are formed again. On water culture or 
on the culture kept in a drop of water in a moist chamber abundant spore 
formation takes place. This method was employed to induce the fungus to 
form spores when it was sterile in culture tubes. 

The fungus loses its parasitic nature if cultivated for a long time in culture ; 
for instance, a fresh culture wliich was able to infect leaves vigorously was kept 
in culture for nearly a year, it was then used for inoculation but no nxfection 
place. Fresh cultures which were exactly like the cii]tur(!S of last year 
were again taken from the field and when inoculated gave successful results. 
Conidiophores are simple, septate and erect. They arise in clusters on eitlier 
of the leaf, are sometimes slightly bent above and arc liglit brown in colour, 
are 115 to 150 by 6 to 8’7/u, in diameter and come out either tlirough 
st<nnata or by cliiectlv piercing the epidermis (Plate II, figs. 18-21). 
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Coniclia are fusiform or spindle-shaped, pointed, a little curved, light 
grecnisli brown, 4 - 7 septate and 75 to 126 by 18 to 24ft in diameter {Plate II, 
figs. 6-17), The breadth, varies in different localities : for instance, spores 
from Almora specimens wore up to 26*6fi in breadth while those from Piisa. 
were up to 21ft only. (Almora 72 to 117'8 by 19 to 26*6fX, Malda (Bengal) 
35 to 130 by 17 to 24fi. Spores from Burma and Dharwar specimens are liln; 
those from Almora.) 

There is some variation with regard to the shape of R]:)ores, Typicot 
spores of E. iurcicum .Pass, are spindle-shaped and pointeoP,^, and these 
have been observed in specimens from various localities in India, such as 
Almora, Dharwar and Burma (Plate 11, figs. 14 17), but in Pusa and Malda 
(Bengal) specimens, the spores are somewhat curved and narrow (Plate II, 
figs. 7-13). The spots on the surface of leaves are however alike in specimens 
collected from various localities. Though the spores in Pusa and Malda 
specimens are somewhat more curved yet in cultures the conidia are generally 
straight, spindle-shaped, and very few are curved. Conidia of the fmigus from 
the glumes of male spikelets are a little longer and more curved than those of 
the leaf fimgus and the fungus has been named H. cAirvulum Sacc. In the 
Pliilippines'^ it is described by this name but here in cultures it resembles the 
strain from the leaf and, when inoculated on the leaves, produces the same 
kind of sjDots as the leaf strain. 

OULTURES. 

Spore germination. When a few fresh spores are placed in a hanging 
drop culture, germination takes place witliin few hours. Germ tubes generally 
protrude from the ends of the spore but they have also been noticed to come 
from any of the middle cells of the spore (Plate II, figs. 1 and 3). In seme 
cases the internal partition of the spore breaks down and a contimions tnbe is 
formed. Again, in a few cases, the septa disappear before the protrusion of 
the germ tube, while in other eases it was noticed that the septa near the ends 
only were disorg.anized (Plate 11, fig. 4). Plate II, figs. 1 and 2-6 were drawn 
alter 48 and 18 hours of sowing respectively. Detached conidif)phores are also 
capable of germinating by giving out a tube from either end and have often 
been noticed to infect the leaves. 

Pure cultures were obtained several times by the poured plate method or 
from a diseased portion of a leaf after washing it for a few minutes in a solution 

^ Saccardo. Fungi ilal, a fig. .S24. 

® Massee. “ Diseases of Cultivated Plants and Trees,” 1910, p. 4S1. 

® Otto Reinking. “ Philippine Plant Diseases." Phytopathology, vol. IX, no. 3, 
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of corrosive sublimate in water (1 in 1000 c.c,) and then in distilled water. 
The washed piece of diseased leaf was transferred to an agar tube. This gave 
rise to an aerial growth in the tube from which a subculture was tak(?n giving 
rise to pure culture. 

In the beginning spores are produced laterally on the inyoelium in a large 
number. When young they appear to be sessile but after four or five hours’ 
growth they are distinctly seen on a stalk which grows in length and bears many 
more conidia. Very often the conidia are borne at the tip of the hyphee but 
after some time each of them becomes stalked, the stalk increases in size and 
forms two conidiophores. 

On some media gemmse-like bodies are formed and on some irregular 
stromatic masses, but no sclerotia or pycnidia have ever been observed. 

Qfowtlh on different culture media. A large number of media were 
inoculated in duplicated with pure culture of Helmmthospormm. All the media 
were inoculated on the same day and from the same tube. On some of the 
media the fungus was grown repeatedly to mark variations, if any. Tubes were 
kept for more than six months and in some cases for almost a year but no 
perfect stage of the fungus was obtained. 

The following is a detailed account of the growth cn various media : — 

(1) Nutrient plain agar (+4 Puller’s .scale). 

(2) Dextrose agar (+2 „ „ )• 

i,^) Glycerine agar (4-6 „ „ 

(4) French bean agar (4-8 „ „ ). Tlie growth is poor in all those media 

with, very little aerial growth. Spore formation is scanty and spores are smaller than those 
formed on other media. 

(5) Litmus lactose agar (4-6 Puller’.? scale). The growth is submerged and creeping in 
the beginuing but later on a woolly aerial growth appears. After a few days the pinkish 
medium gradually turns blue. There is a good deal of spore formation, but the size of spores 
is smaller as on last medium. Spores are as .small as 15m in length and septation is reduced 
very much in most oases and in some cases spores are formed without any septum. Average 
spores are 4o'6 to 05 hy 15*2 to 22’8ju in diamater. Mycelium becomes geminate in old 
cultures. 

{6 & 7) Lutrieni glucose agar (4*5 Fuller’s scale) and mUrient saccharose agar. Fairly good 
growth of a greyish green colour. Spore formation is copious. The medium gradually becomes 
greenish, then dark green on account of the submerged growth, and after some days still darker. 
Spore formation is more copious at 20-22'’C. than at 30-32°C., and at the later temperature 
sometimes spores of abnormal size are formed. At low temperatures growth is slow and the 
colour is dark greenish grey instead of light greenish grey as at 30°C. It takes about four 
days to fill the tube completely at 30°C., but spore formation decreases gradually witli the 
increase of temperature,' i.e., when growth is increased, .spore formation is less and vice versa. 
In old cultures the mycelium swells up irregularly forming gemmate. 

(8) Tkaxter 3 hard potato agar {4-6 Fuller’s scale). Copious aerial growth, the medium 
becomes greyish green. The growth is light green at 32°C., and darlc at 22°C. In 6 or 6 day.? 
the tube is -.quite full and the mycelium is seen spreading on the walls of the tube. Spore 
formiation is very, free and spores are greenish brown, in colour, Hyphic light greenish brown 
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and fclie submerged mycelium is green to dark green. Spore formation is more rapid at a lo\r 
temperature. 

(9) Potato juice agar (+& Fuller’s scale). Growth not welt developed. Hyijha! cells 
show irregular swelling here and there. Spore formation is poor. Submerged growth greenish 
and aerial greyish in appearance. 

(10) Goon's synthetic agar (+8 Fuller’s scale). The growth is quite good with woolly 
aerial mycelium of light greyish green colour. The medium also becomes greenish, spore 
formation is copious. Mycelium later on turns gemmate. 

(11) Cellulose agar (4-9 Fuller’s scale). The growth is poor and. ahnost subinergo<l, of 
greyish colour. Spore formation fair. The colour of medium does not change. 

(12) Starch agar (4-4 Fuller’s scale). Fair woolly growth, aerial hyph:® arise in 
and grow radially. The medium turns light green. Spore formation is good. 

(13) Corn-meal agar (-f2 Fuller’s scale). The growth is best on this medium. Cojnous, 
woolly, greyish green aerial growth at 30^0. The medium turns greenish and then dark green 
on account of submerged growth. In four days at SO^C, the growth is very i^rofuse anil the 
tube is almost full, the mycelium spreading on the walls of the tube. Spore formation is very 
good especially at a low temperature at which growth is slow. Ilyphw light olive green. 

(14) Oat-meal agar (4-2 Fuller’s .scale). Copious woolly aerial growth of greenish grey 
colour. The medium becomes dark green near the margin. The submerged gx’owth is also 
greenish and then turns darker gradually. Spore formation fairly large in number and growth 
is more rapid at 30°0. than at 20-22°C. 

(15) IF7ieat-meaZ ag«r (4-2 Fuller’s scale). Copious aerial growth, the myoeliu in spreading 
on the walls of the tube and lower portion of the tube quite full. Hyphte olive green. 
Abundant spore formation. 

(16) Rice-meal agar (4-^ Fuller’s scale). Growth good, but little less than that 
meal agar. Copious spore formation. Lower ixortion of the tube quite full with mycelium. 
Medium turns light green. 

(17) Barley-meal agar (-f-S Fuller’s scale). Very good woolly aerial growth. Mycelium 
looks dark greenish and hypluB light olive green. Abundant spore formation as on riee-meai 
agar. It is one of the best media for the growth and production of spores. 

(18) Joioar-meal agar (4-2 Fuller’s scale). A good growth with abundant aerial mycelium. 
The medium gradually turns green and then dark green. Spore formation good especially 
at 20-22°C. Growth slow at low temperature. Spores generally are 60*8 to 140'0 by 19 to 
26’6jU. in diameter with 3 to 7 septa. Sometimes spores are very small and with few or no 
septum. Tho.se abnormal spores are not more than 60(t' in length and i0'4u in breadth 
are formed when kept at a little high temperature. 

(19 (fe 20) (Sugarcane ka/jttfee agrar (4-4 Fuller’s scale) and rice Zea/gmccagrar (4-3 Fuller’! 
scale). In both of these media growth is poor and submerged. Spore formation is scanty. 

(21) Mane leaf juice agar (4-3 Fuller’s scale). Fair growth with abundance of spore 
formation. , 

(22, 23 & M) Sterilized maize stem, sterilized sugarcane megasae and sterilized paddy straw. 
There w'as a good production of spores on all, especially on sterilized maize stem and sterilized 
paddy straw. The cultures were kept for about 7 months in each case but there was no sign 
of the appearance of the perfect stage. 

(2o) Sterilimd.wheat straw. A good deal of spore formation, took place and greyish 
mycelium was formed in the water at the bottom of the tube. No further growth of the fungus, 
however, took place though the tubes were kejjt for more than a year. 

( Note. Tubes in 22-25 were kept at two temperatures, aw., 22'’C., and at room temperature 
of about 27-30°C. The groud;h was the same at both temperatures.) 

The growth \vas best on corn-meal agar, barley -meal agar, rice-meal agar, 
potato agar and ?o«m?'-meal agar respectively. 
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Effect of reaction of culture media. 

Thirf experiment was run in duplicate on glucose medium. Twent)'- tn})cs 
were inoculated, two of eacli reaction and ranging frunii — 15 to j-oO Fulh'r’s 
scale. After tlirec days there was found to be no growth at -f-25 and+30 
Fuller’s scale ; very poor at d-20, and poor at -f 15 and — 15. It was little 
10 and -f-lOj good at 4-6 and best at 0 Fuller’s scale. In eight day-old 
culture the growth increased at -f-10 and -(-5 but comparatively little took 
place at 0. From the above data it is observed that this fungus prefers reactio'i 
from a neutral to an acid media ranging from 0 to d-lU Fuller’s scale and is 
best at -f-5 Fuller’s scale though growth is more rapid at 0 in the beginning. 

Longevity of the spores of maize Helminthosporium, 

Large numbers of diseased spots of maize Eelminthosporiuin were cut and 
put in a stoppered bottle and kept for more than a year. It was noticed that 
to four months ninety per cent, of the spores germinated when placed in a 
drop of water and incubated in a moist chamber, and up to eight months fifty 
per cent ; after eight months the spores rapidly lost their power of germina- 
tion, and after a year they were incapable of gerniiiiatiiig. This shows that 
spores can survive long enough to infect the next crop. It is quite probable 
that this fungus occurs on some wild grasses also and a search for them is being 
made. 

Relation of parasite to host. Infection and conidiophore 
production. 

The penetration of the fungus takes place either through stomata or by 
directly piercing an epidermal cell (Plate III, figs, 1, 2 and 3). It can penetrate 
any epidermal cell, but generally it enters through subsidiary cells. The 
hypha from a germinating spore comes in contact with the cuticle, swells up 
then sends out a narrow tube. This pierces the cuticle and may travel 
for a distance inside the cuticle, parallel to the outer wall of the epidermis, and 
after some time either enters an epidermal cell or passes through the side walls 
of two epidermal cells into the cells below. Sometimes it surrounds an epider- 
mal cell, sending in branches which fill the cavity. When penetration is 
through a cell in contact with a guard cell, it enters the sub-stomatal space, 
branching freely, and becomes septate. It passes to other cells directly or 
through two adjacent cell-walls, i.e., it is both intra- and inter-cellular. The 
mycelium branches and sometimes forms a net work below the epidermal 
layer. A few hyph® may enter an epidermal cell to form a stromatic mass from 
which conidiophores arise. The development of fructifications depends upon 
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the. ainonnt of moisture in the air and may take place after 5 or 6 days of 
infection. 

When tJie fungus attacks a spikeiet, the glumes^ palea) and antliers are ali 
infected. It forms a superficial mycelium on the surface of the glumes on wliicli 
a good deal of spore formation takes place. 

Cross-inoculation experiments. 

Maize Hehmnthos-pormm was cross-inoculated on tioryhum, rice, wheat, 
oats, barley, hajra and sugarcane. The inoculation was done 03 i lea,ves, and 
plants were either covered with bell-jars or j)laced in big glass cages wliere 
there was sufficient moisture. After infection took ])lace the 1)edl-jars or glass 
cages were removed. In every case a control was kept. The following table 
shows the result of experiments 


Table II. 

Gross4noculations on Sorghum, 


No. 

Date 

No. of 
inocula- 
tions 

No. 

infected 

Control 

Control 

infected 

Rem AUKS 

1 

30-7-18 

8 

4 

1 



2 

3-8-18 

* 8 

- ^ 

1 



3 

6-8-18 

2 

2 

1 


Tiie leaves were wounded. 

4 

11-8-18 

8 

3 

1 



'•5 

18-8-18 

10 

6 

1 j 



(3 

13-8-19 

3 

2 

1 ■ ■ 



7 

10-6-20 

11 

8 




8 

7-8-20 

11 

6 




9 

11-12-20 

18 

14 

■ ' 


The plants were kept in 
a warm and moist room. 


Totau 

79, . 

49 



82% 


Out of 79 inoculations made, 49 were successful. Controls kept showed 
no sign of disease. The spots formed were like those oi jowar Helminthos- 
poriinn on There was always a good deal of spore formation on both 

sides of leaves. Maize Hehninthosporkim however spreads less rapidly on 
jowar tlinn jowar HehnintJios^miim on jowar, . 
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Table III, 


Cross-momlaiions on sugarcane. 


No. of 
inocula- 
tions 


Control 

infeC'ted 


No. 

infected 


Eemauks 


Control 


In most cases the inocula- 
ted leaves were enclosed 
in a chimney, both ends 
of which were plugged 
wdth cotton w'ool so tiat 
the inoculated portion.? 
were as if in a moist 
chamber. 


Maize Helminthosporium wlien inoculated on rice infects very few of the 
leaves and in these also the fungus after entering spreads very little and. a, spot 
is formed very rarely. Of 61 inoculations made, infection took place only iji 
15, and out of these 15 very few formed spots with conidiopkore.s and spo.re.s . 


Out of 62 inoculations made, 40 were .successful. Msaze Helminihosporiim 
when inoculated on sugarcane formed small dirty straw coloured spots wliich 
increased in size when leave.s were kept moist. Though maize Eelmintfios- 
porium is capable of infecting .sugarcane leaves (Plate III, figs. 4 and 6), .yet 
they are not identical. 


Table IV. 


Cross-inoculations 0)1 rice. 

No. Date 

; . ■ ■ ■ i 

1 11-11-19 

!■■■ 24 3 ... ■■ 1 ' ■ .. ■:L 

2 20-11-10 

' ■■ -8 2 ■ . 1 . .. .. i 

3 29-11-19 

8 4 1 , .. i 

4 10-6-20 

10 3 1 ■ 

6 7-S-20 

!'■ U ■■ .. 3 1 , : ' ,[ • ■' 

! .. ■ ■ . .'1 . : 

Total 

i 61 15 .. .. i 24% ■ 


The above table sliows a low proportion of successful infection and in these 
e-ases iieuetration was slight. Rice may almost be considered to remt the 
attaclf of maize Helminthosporium though sometimes spots are formed imder 
laboratory conditions. 

Table V. 


Cross-inoculations on bajra. 


No. 

Date 

No. of 
inocula- 
tions i 

No, 

infected 

Control 

Control 

infected 

Remarks 

1 

29-11-.19 

20 


1 


0% 


No infection on this plant took place. 


Table VI. 


Gross-inoculations on wheat. 


No. 

Date 

_No. of 
inocula- 
tions 
on leaves 

No. of 
leaves 
infected 

No. of 
inocula- 
tions 
on ears 

No. of 
ears 

infected 

Control 

Control 

infected 

Remarks 

1 

19-1-20 

12 

12 



1 



2 

31-1-20 

7 

4 



1 



3 

6-2-20 

10 

10 



1 



4 

3-2-21 

12 

9 

5 

5 

1 


The leaves and oars 
of same plants were 
inoculated. 


' Total 

41 

35 

5 

5 



87 % 


Maize Helminthosporium can infect wheat easily. Out of 46 inoculations 
made, 40 were succesvsful. The infected leaves became straw-coloured and the 
spots gradually increased in size and ultimately killed the leaves. A good 
deal of spore formation took place on leaves and on the ears inoculated, • 
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Table VII. 

Cnm^noauMions OH- bnfley. 


Date 

No. of 
irjocuia- 
tions 

1 No. 
infected 

Control 

Control 

infected 

Mkmauk.'^ 

lff-.l-20 

10 

6 

1 



2o~]-20 . 

11 

9 j 

1 



1.1-4-20 

s j 

' ■ ■ -2 ■ 

1 



3-2-23 

16 

6 

1 



Total 

45 

22 



■'i^% 


_ JIaize IldmmUmpomm can mfcct barky but the infection is not so 
vigorous as that on wheat. Out of -15 inoculations, 21 were infected. Spores 
^’vere formed on both sides of the leaves inoculated. 


Table VIII. 

Cross-inoculations on oats. 


Control 


Control 

1 Remarks 

infected j 



^ 03 inoculations made, 27 were successful. The infected snots 

padually mcreascd in siac and spore formation took place. Sometimes no 
in ccton took place as on those inoculated on 19th January, 1920. 

e above cross-mocnlation experimente show that maize Helmmt]ios- 
most of the cereals and sugarcane when inoculated ArtiP^i.iw 
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lU tlie laboratory, Jmjm is altogether immune and rice is aflccted ocy little 

I he lollowmg ts a summary of the results of inociiktioas 

Su^e04% 02,, 

TZ Is Bariev 48-,; 

0% Rice 24% 


3. Melminthosporium on Jowar (Sorghum vulgare). 

Jowar Hdminthosparmm lias been collected from very few places in India 
and observed only in the Punjab (Amritsar and Lyalipnr). The damage done 
by tins fungus to the crop is very slight. Mi rphologically tla^ fungus is 
idcmt.icul with that on maize but it must be a diherent strain or variety as 
indicated by the cultural characters. Besides it 1, as been observed in Bihar 
that this fungus is common on maize but absent cnjoimr, ivhile in the Punjab 
Hekmnthosporvmn has been found on jmmr and not on maize. In Bihar very 
ottoii make and jowr are grown as a mixed crap, and the leaves of maize are 
found to be diseased but not those oi joum. But when maize Hehmahos- 
pwwm IS cross-inoculated on joimr in the labcratciy, hifectirn fakes place 
All these points, together with the diffierence in cultural characters, indicate 
that flelimnthosporitmmjmmr is a diferent strain or variety of ff. tmcicuvi 
Pass. 


This fungus has been reported from other comitriesi, mz„ Egyjit, China, 
etc., where it is not very common or injurious to tliis host. 

.rhere are also other species of Hehnimhosporimn known on this host, 
such as H. CookU Sa.cc.2 3, H. SorgJd Schw.3, 3 yadmlatum E. and 

TA, and lastly H. inconspkam C. and B. which is probably the same as 
H. turcicum FaBB. 


The symptoms op the disease. 

The fungus is foimd on leaves only and forms long, narrow spots of dirty 
brown or straw colour (Plate I, fig, 3). The spots are marked from the healthy 
tissue by a reddish ring. Generally infection takes place from the tip and 
extends down^vard either along the margin or along the midrib. Very often 
two or more spots are formed along the edge and these coalesce and form 
into one. Sometimes long elliptical or elongated spots are formed on the blade 
of the leaf. If these are in large number, they imite and form one irregular 
spot. 


^ Bntler, E. J, “ Eungi and Disease in Plants,” 191S. 

Saccardo. Sylloge Fiingomm, vol. IV, pp. 420 and 42.S. 

Pvabenhorst. Kryplogamen Flora, vol. IX, pp. 37 and 909. 
ir Helraintliosporiuin Ziekten,” p. 16. Fepf. Landb. Nij-v. m Rondel 

Mede^. Lab. Plardeauel,en , no. 34 (1918). Ecnige Ziekten, Waargenonien Jr! 

Op Javti. 
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Etiology op the disease. 

The parasitic nature of the fungus was proved hy the following inoculation 
experiments. 

Table IXs 

lacmlatiom on the 1mm oj jowar wUk Helminthosporium isolated from, the 
diseased leaves oj jowar. 


No. 

Date 

No. of 
inocula- 
tions 

No. 

infected 

Control 

i Control 
! infected 

Rbmarics 

1 

19-11-19 

24 

19 

9 


2 

24-11-19 

9 

9 

1 


3 

30-1-20 

6 

6 

1 


4 

21-.5-20 

19 

11 

1 



6 

10-6-20 

18 

14 

1 


Reisolated from No. 4 and 

6 

7-8-20 

10 

10 

1 


inoculated. 

7 

11-12-20 

11 

8 

1 


Plants kept in a moist 







warm room. 


Total 

97 

77 





— 




79% , 


Sehmthospormm is inoculate*! on journ the spots formed 
e typical and resemble those found in nature. The fungus was reisolated 
from an inoculaW spot, taken into culture and again inoc, dated an<l the 
of tL*r the pararitic nature 

Morphology of the parasite. 

of thX7‘^hhf “the matrix of the infected iiortion 

i the Y. It M present also m the wssels of xylem. Very often they form 
stromatic masses in the epidermal cells. ^ 

Comdia ate formed on both sides of the .spot and conidiuphoros arise sin'dv 
or in ctaer of three or more emerging imn. stomata (Plat Ui, figl , 
^mia are o7 «, 136 by ,9 to 26. in diameter (Plate UI, figs 7-11). io ]: 
m,mrttho„ resembles more the Belminthosporinn on maii- fr n 
Bu»a. ^mora and Dharwar than that from Pusa ami Malda. Tiles, lore 
oi somr Sdrmnthospormni are straight, spmdle-.shaped and resemble thol or 
matte from Burma, AW and Uharwar, but spores from Pusa sped^r I 
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1 ™ n .“Vr™T «iatlroiHi«w BdminAos- 

poniim mi maize Bdmtnt/mpofium from Burma, Almora and Dteivar The 
external cWtere, *,e„ spot formation and colour, etc., in Burma, Almora, 

- iarw«, lusa and Malda specimera are the same, but in culture Pusa maize 

aetowlfespomm has spores which are not so curved. 

Conidiophores on jowar are more straight and bent at the tip but in the 
case of maize some are straight while others bent in a zig-zag maimer. Maize 
comdiophores are slender and longer while those on joivar are tliicker. 

CutTURES. 

^ A careful search was made in Piisa and in the neighbouring places in 
1918-20 but no Hebmnthosjmimn was found on this host. later on it was 
obtained .from the leaves oi jemr from the Punjab (Amritsar and Lyallpur) 
where this fungus is generally fomid after the rains. The culture was taken 
as .in tlie case of maize fungas. 

Spore germination is like that of maize HelmintTiosporium and needs no 
description. 

Qjo'iMJi in differmt mlimal media. The fungus was cultivated on a large 
number of culture media, and in many oases this fungus and maize Helminihos- 
ponum were grow.n together on the same kind of media for comparison. The 
fungus can grow well on most of the media tried and produces a large number 
of spores. 

The fungus resembles maize Helminihosporium in most respects. The 
formation of conidia on conidiophores and the other details are somew^hat like 
those of maize Hehninihosparium. Though this fungus resembles the one on 
maize in the formation of spores, etc., and produces the same colour on the 
medium, there is a constant difierence, viz., that jowctr HelminthospoHnm never 
produces a copious aerial growth on any of the media tried, and there is always a 
tendency to produce more of submerged and creeping mycelium, while in the 
case of maize there is a good aerial growth. On the other hand, this fungus 
always produces a very large number of conidia and sometimes the spore 
formation is so abundant that the contents of the mycelium are almost used 
up. The following media were tried : — 

1. Nutrient glucose agar. Growth almost submerged and of dark greyish green colour 
with very little aerial growth. The growth is Uttle more at 30°0. than at 20-22°0. with a .mod 
deal of simre formation. Conidia on this medium are 70 to 122-5 by 17*5 to 22 Wy. while those 
of maize Eelminthosporium on the same medium are 63 to 126 by 15-8 to 22-7/i in diameter. 

2. French bean agar. The growth on this medium resembles very much that of maize 
Helrninthosgiormm hut jowar Hehnmthosporium is darker. The growth at 30°0. is more than 
that at 20-22°0. There is a good deal of spore formation. 

3. Wlimlmeal agar. The growth is like that of maize fungus but darker. Later on 
.submergecl and creeping dark greyish green mycelium is formed at30-32°a In the case of 
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maize HelinintliosporivM the colour is light greyish greeu. hut here it is dark greyish. groc.n. and 
moreover aerial growth is absent. After some time little aerial growth appears but still the 
growth is darker than that of maize. Spore and mycelium resemble somewhat maize 
Helminthosporium. About 60 per cent, of jowar spores resembles the maize fungus but the 
remaining spore percentage is somewhat broader. The number of sei^ta is the same in both. 

4. Jozear-nieal agar. There is a creeping and submerged growth of light greenish colour 
at 30“C,, and crowded and compact at 22®C. The colour of medium becomes similar to maize 
fungus but afterwards it becomes dark green. After 10 or 12 days little aerial growth of dark 
greyish green colour appears. Spore formation is good. 

6. Litmus laetosQ agar. The growth is poor and dark and greyisli green, submerged and 
creeping in the beginning. The submerged portion becomes dark. T^ater on a little aerial 
growth appears. The gro^vth on this medium is exactly like that of maize Helminthosporium 
on it. Spores are 46*6 to 96 by 16*2 to 22’8/z in diameter. The spores and mycelium re.semble 
maize Helminthosporinm on this medium, the size, form and colour being alike. 

6. Goon's synthetic agar, fairly good at 30-32°0. of dark green colour. The growth 
resembles to some extent maize Helminthosporium on this medium. The fungus i.s more dark 
green at 22“C. Spore formation poor and the old mycelium becomes gemmate. The mycelinui 
is darker than that of maize 

7. Corn-meal agar. Growth dark greyish green at 22°C., and light at 32"C. Submerged 
growth is greenish and there is no aerial growth. Later on little aerial growth appears which 
is very much like that of maize and of greenish grey colour. The mycelium and spores resemble 
those of maize Helmintliosporium. After 10 or 12 days maize and jowar cultures resemble very 
much on this medium. Spores and mycelium almost alike and spore formation more at a 
low temperature of 20 to 22“C. than at. 30-32®C. Spores are 80*5 to 122*5 by 15*8 to 21p, in 
diameter while those of maize EehnintTiosporium. are 77 to 122 by 15*8 to l9p„ 

8. Oat-meal agar. Dark creeping growth at both temperatures but little more at 32°C. 
After some days growth appears dark greyish green, creeping and submerged. Spore formation 
is good. The mycelium resembles that of maize Helminthosporium. On this medium the 
aerial growth is comparatively smaller. 

9. Nutrient saccMrose agar. Creeping and submerged growth of dark grey colour with 
little aerial growth and poor spore formation, 

10. Thaocter's hard potato agar. Dark green, submerged and creeping, resembling the 
growth of maize Helmhilhoaporium but there is no aerial growth. After some time little aerial 
growth appears. Spore formation resembles that of Helminthosporium on maize. 

11. Wheat straw. Wheat straw was sterilized in ordinary tubes containing little water. 
The fungus was grown on it and the tubes were kept at 27-30®0., and some at 22°0. There 
was a good production of spores on it. The growth was like that of maize, but in the latter 
case more spores were formed. In these, there was no good aerial growth. Greyish green 
mycelium was formed at the bottom of the tube in water. 

Irom the results of inoculation experiments and from cultural characters 
this fungus appears to be very closely related to or identical witli Helminihos- 
•p&rium on maize, hut the fact that in one place it occurs on one host and net 
on the other, makes one to consider them as two diflerent varieties of H. turemm 
Pass. 

CaOSS-INOOULATION BXPERIMBNT.S, 

The following cross-inoculations were made with jowetr Helmifithospo7iwn 
on, the same hosts on which maize Helminthosporium was moonhtfid md m 
the same manner. 
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Table X 


Oross-incmlaiions on mam. 


No. 

1 

Date 

No. of 
inoowla- 
tions 

No. 

infected 

Control 

Control 

infected 

Riemakks 

1 

29-11-19 

8 

6 

1 



2 

30-1-20 

10 

6 

1 



3 

21-5-20 

10 

1 

4 

1 



4 

10-6-20 

14 

10 

1 



6 

7-8-20 

10 

5 

1 



6 

11-12-20 

10 


1 




Total 

62 

30 


48% 


Forty-eight per cent, of inoculated maize were infected and produced 
spots which resembled very much the spots formed by the maize Eelminthos- 
ponwm on maize. It appears that maize Eelminthos^iorium and jowar 
Helminthosporium are the same, but with slight differences in cultural 
characters and in the form of spores. 

Table XI. 


Cross-inoGulations ow sugarcane. 


No. 

Date 

No. of 
inocula- 
tions 

No, 

infected 

Control 

Control 

infected 

Remarks 

1 

2 

29-11-19 

lb 

8 

’ 1 ■ 


No infection took place 
probably on aocount ot 

1 1— J 2— 20 

10 

0 

1 


low temperatures pre- 
vailing at the time. 


Total 

20 

8 



... 40% 


Forty per cent, of inoculated sugarcane leaves were infected. The spots 
formed were small, oval and, later on, dirty brown with brownish rings. They 
gradually increase in size, more in the longitudinal direction, and produce 
conidia and conidiophores which have normal character. 
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Table XIL 

Gross-inoculations 071 bajra. 


I No. of 
I inoculations 


No. of 
successful 
inoculations I 


Control 

infected 


No infection took place. It may be mentioned here that iiiaize Helmin 
thosporium also had no effect on hajra. 


Table XIII. 
Cross-moculations on paddy. 


1-11-19 

J0-6-2U 

7-8-20 


No. of 
inoculations 

No. of 
successful 
inoculations 

Control 

Control 

infected 

10 

'2 

1 


10 

2 

1 


10 

0 

1 


30 

4 . 1 




Out of 30 inoculations made, 4 were infected and these also showed simply 
penetration and very httle spreading in the tissue of rice lenvos. The Growth 


Table XIV. 

Qross-moculations on itheaL 


Control 

infected 
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i 




ar 




Sixty-niuo per cent, of wheat plants were infected when inoculated. The 
fungUvS penetrated and at the point of infection the leaves withered and broke. 
Tliere was spore formation on both sides of leaves. 


Table XV. 

Qross-irmnlations on barley. 


No. 

Date 

I _ No. of 
j inoculations 

No. of 

1 _ .successful 

1 inoculations 

/. ■ 1 

Control ! 

Control 

infeoterl 

REM.iRirg 

1 

7-4-20 

16 

5 

■ ■ 1 - 



2 

3-2-21 

12 

.5, 

1 

1' 



Total 

27 

' 10 ■ j 

1 ■ 1 



37% 


Jowar HelmiMhosporiwm can infect barley leaves but the infection is not 
vigorous. The spots formed stop growing after sometime and spore formation 
is not plentiful. 

Table XVI. 

• Gfoss4nmdc^i&m on oais. 


No. 

Date 

No. of 
inoculations 

No. of 
successful 
inoculations 

Control 

Control 

infected 

Remarks 

1 

6-2-20 

12 

8 

1 



2 

7-4-20 

10 

3 

1 



3 

3-2-21 

12 1 

3 

1 




Total 

34 

1 

14 



41% 


As in the case of barley, on oats also infection is not vigorous and the 
fungus stops growing in the tissue after some time. 

These experiments show that jowar Helnimthosporkim can infect — 

Jowar 79% Maize 48% Sugarcane 40% 

Wheat 69% Oats 41% Barley 37% 

Rice 13% Bajra 0% 

Frojii the above figures it will appear that about 50 per cent or more 
infection takes place on wheat and maize, and in the case of sugarcane, oats 
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and barley about 40 per cent. Jowaf H^ninthosporium baa very little efiect 
on rice, and hajra is immune to its attack, 

4. Summary. 

1. HelmintJiosponum is found on almost all cereals and sugarcane in 
India. Tke present paper deals with, species on Zea Mays (maize) and Sorgkum 
vulgare )jowar). 

2. H. iuroimm Pass, on maize and jmaf is morphologically identical. 
Both strains show some diilerence in culture, and it has been observed that in 
Bibar Helmmihospomm is found only on maize and not on joivar, wliile in the 
Punjab it is recorded only on jowhr. It is these two facts that lead the writer 
to believe that the fungus on jowar is a different strain from that on maize, 

3. H, ktreiGum Pass, on maize is found in almost all countries where maize 
is grown and in Bihar it is one of the important diseases of this crop. The 
fungus is found both on leaves and on male inflorescence and its parasitic nature 
is proved by inoculation experiments on both hosts. 

4. H. iuTcicim Pass, can be grown on a large number of media but the 
perfect stage of this fungus has not been observed on any of the media. The 
fungus prefers a reaction of 0 to -|-6 Pullei’s scale, 

6. The infection takes place either through a stoma or by piercing the 
cuticle and entering the cell below. 

0. Oross'inoculation experiments show that both the strains of Helmin- 
thosporium on maize and on jowar can infect maize, jowar , wheat, barley, oats 
and sugarcane. The inoculations on hajra give negative results and those 
on rice were doubtful. 
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Almora X 700. 
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j, 2. Maize lielminthospomm. Penetration through a, .stoma of juaize 
X 700. 

M 3. Maize Hehdnthospomm. Penetration and spread of fujigns in the 
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